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ABSTRACT

The objective of this project was to document the distritution
and intensity of fallout from all shots at Operation CASTLL.,

Data were obtained for Shots 1, 2, 3, 4, and 6 by nse of land
stations, anchored lagoon stations, and free-floating sea 3tsiions, A
complete analysis of the Shot 1 fallout to 300 nautical miles dewnwind
including the development of an experimental model based on fallout
particle trsjectoriec is presented as well as data on Shot 2 fallout
to 50 nautical miles dowrwind and the close-in fallout from Shots 3, 4,
and 6,

Gamma fields from fallout decayed at rates differing from the t-1.2
approximetion cammonly applied to fission weaponse.

Fallout from the surface land detonations was in the form of irreg-
ular solid particulates. The geometric mean particle diameter decreased
with the distance from the shot points; for Shot 1 the geometric mean
varied from 112 M at Bikini Atoll to 45 p at Utirik Atoll. The average
density of *he solid particles from Shot 1 was 2,36 g/cu cm. Little
data were obtained on the nature of the fallout from over-water detona-
tions, There was some indirect evidence that the fallout 50 nautical
miles downwind from Shot 2 arrived as a fine mist or aerosol. The rate
of arrival of fallout at distances close to surface zero was character-
ized by & rapid rise to a peak; the maximum level of radiation occurred
within the first half of the period of fallout,

A continuous 100 hr wnshielded exposure after the detcnation of a
15-MT device on land, will result in & minimum free field total dose of
100 r over an area as large as 25,000 sq mi,

There is developed an experimental model that provides a means of
reconstructing fallout patterns from limited gamma field data and par-
ticle trajectories as determined by comprehensive analyses of the
meteorological situation,
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FOREWORD

This report iz ome of the reports presenting the results of the
3L vrojects participuting in the Militery Effects Tests Frogram cf
Operztion CASTLE, which included six test detonations, For reuders
interected in other pertinent test information, reference is made to
“T-934, Sumary Peport of the Commander, Tack Unit 13, Proprams 1-9,
Military cffects rrogram. 1This summary report includes the foliowing
informati-n of poccible gener:zl interest.

a. An over-all description of e:ch deton:tion, including
yicid, height of burst, ground zero locsticn, time of
detonation, ambient ztmospheric conditions ut cetoration,
etc., for the six shote,

b. Discu sion of &ll project results.

c. A vwnzry of ecch project, inciuding objectives and
resultc,

d., & complete listins of all rerorts covering the
¢ilitery bffects Tests rrogram.

”
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CHAPTER 1

INTRODUCTION

Surface and sub-surface detonations of nuclear weapons on land
produce hazardous gemma-radiation fields over areas far beyond the
range of physical damage, Fallout which is responsible for the gamme-
radiation fields is inherently the least predictable of all weapons
effecte. Variaticns in the dispersal and deposition of radiocactive
debris ace affected by meteorological conditions during and subsequent
to deton:ztion as well as by the device yield, the charge depth, and the
explosion media, Yet, the exploitation of this anti-personnel capability,
cnd the :apacity to defend against it, are directly dependent upon the
ability to predict those target areas which will be involved. The
investigation of fallout, and of the factors which influence it, are
therefore important to the development of nuclear weapons and to both
military end civil defense planning.

1.1 PREVIOQOUS FALLOUT STUDIES

Fallout has been observed and documented in some degree at all
previous nuclear test programs., In addition, surface and sub-surface
high explosive detonations on lend and underwater are being studied for
their usefulness as models for fallout distribution from nuclear deto-
nations,.

1.1.1 Huclear Tests

Out of a totul of 43 nuclear test explosions carried out by the
United States, four have produced significant residual radiation fields,
the Baker shot, Operation CRUSSROADS, surface and underground shots,
Operation JANGLE, and Mike shot, Operation IVY, Of these four, only the
JANGLE series adequately had documented fallout.

At JANGLE, the residual garme fields were recorded in detall;
in addition, extensive sampling of the fallout events was carried out.%ﬁ/
Results of the JANGLE surface test were used to predict fallout from
Mike shot, IVY, They also formed a basis for fallout predictlons for
" the CASTLE series reported here, _
At IVY, although ocnly partisl documentation was accomplished,

19




the operutional success of the free-floating buoy station phase wag
sufficient to encourage the emrloyment of this fallout sumpling tech-
nique at CASTLE.Z/ IVY provided vaiusble data on the extent of the
crosswind and upwind fallout and on the nature of the contaminant to be
expected from the land surface detonations at CASTLE,

1.1.2 High Explosive Tests

Six high explosive field tests have been conducted to study
fallout. Charges varying from 250 to 50,000 1b of TNT were fired.
Emphasis has been placed on shallow underwater explosions.}é/ Of a total
of 38 s%ots, 26 were fired in shallow water; 5 in deep water; and 7 on
land, both surface and underground., Non-radiocactiva cobalt and lithium
were incorporated in the charges to trace the exploslon products. Vari-
ables under study include energy yield, charge depth, explosion media,
and winad.

1.2 JBJZCTIVES

The surface detonations of thermonuclear devices at Operation
CASTLE were expected %o produce significant fallout over considerable
portions of the wcean at the Pacific Proving Ground. The primary pur-
pose of Project 2.5a was to document these fallout areas and determine
the militarily important radiation fields which would have resulted had
all of the material been deposited on land. Specifically, Project 2.5a
was designed to determine the following information for selected shots:

a., Time and rate of fallout and final distribution patterns.

b. Particle size ranges of fallout with respect to time and

distance,

c. Amount and distributiondaf radiocactive materizls in fallout.

d. Gross gemma decay rates, o

The gathering of fallout data at CASTLE was a logical extension of
previous fallout documentation, Variation in proposed yields as well as
the opportunity to document surface water detonations for the first time
made the study of fallout in this operation extremely important,
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CHAPTER Z

OPERATIONS

Fallout of military significance generally is characterized in
this report as that material vhich arrives at r-iatively early times
and forms a well-delineated pattern in which the radiation intensity is
high enough to affect the conduct of a military miscion.*® This has
been designated "primary" fallout to distinguish it from continent- and
world-wide ("secondary") fallout., Frow IVY it was concluded that "the
areas of primary fallout particularly from super-weapons, are quite
extensive, and many hours can elapse before the fallout gamna field is

completely defined."?/
The” present operations were directed toward documeuts tion of the

primsry fallout, with investigations of sccondary fallout included only
where tbey contribute to the former, Operation plans were made on the
following assumptions:

a% adherence to a reascnably firm shot schedule

(b) availability of adequate logistic support to make

necessary collections

(c) scaling of the fallout pattern by the cube root law,
Unavoidable circuzstances, the most significant of which prevented the
firm shot schedule required by these plans, caused much of the work te
be dcne under less favorable programming devised in the field.

2,1 EXPERIMENT DESIGN

Since the fallout from the CASTLE series was deposited largely
over ocesn areas, the experiment design required methods of documentsition
that permitted estimation of what the radiation field would have been
had it fallen on land, The estimition was accomplished by: (1) esicb-
lishing a ratio between the fallout collected per unit area over land,

* A gquantitative definition of the terw "military significunce" or
"military importance" depends entirely on the situation existing when the
term is applied. Such factors as the target affected, the distance from
ground zero, and the arrival time of ths debris as well as the exter?i of
its fallout pattern must &ll be considered. The lower limit below which
no combination of circumstances will create a levelcdf military signifi-
cance may be taken as 5 r/hr at 1 hr,
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(FOp,) and the corresponding field radiztion intensity, (R); (2) ueter-

mining the fallout per unit area over vater, (FOy) and; (3) calculating

the radiation field, (R;) which would have occurred had the water areas
been land, from the assumed rel.tionship,
Fa,

= Ry —= (2.1)
Ry = Ry o

This method of approach required the following neesursments:

(a) Fallout per unit area on available 1slunds of the test atolls
in terms ¢f quantity of radioactivity,

(b) Gumma fields produced at sampling loczticns.

(¢) Fallout per unit area in the lagoon ena over the surrounding
ocean, It was also important to obtain information concerning particle
size and note times of crrival and cesszation of the {allout as wecll as
the variations in the radiation field with time,

2.1.1 Predicted Camms Fields

Estimates of the extent and level of gcmma fields expected from
the fallout were niade for each of the criginally plaunned shots. These
predictiorns were baced on scaled surface JANGLE data using the cube root
relutionship with moditications in the crosswind and upwind jatterns
indicated by IVY data,7/ It was estimated that the fallout would curry
dovmwind at the rate of 15 miles per hour and that the durationdf fallcut
ut any one point would be 2 hr for megaton yields. Vilues calculeted
for 2 and 3 hr after detonation represent the levels thut would exist
hac the fallout deposited over extended land areas, Table 2.l cumuarizes
the predictions for three of the detonstions; the effect of decay arnd
the delay in arrivai of fallout on the gumma fields can ve noted. A
discussion of this scaling is presented in lection 5.2,8.

2,12  Sampling Stetions

On the basis of the prcdictions given in the prec: ding section,
it asopeared thot the minimum area of military interest would extend te
& dictznce of 50 miles from tie chot point and vould have a mexdmum
width of 20 miles. Since it was not possible to predict the szctor in
vhich the primary fallout would arrive cufficiently im advunce of shot
time to permit proper placement and activetion of sumpling sistlons, an
array completely surrcunding the rhot point was needed. Experience at
1VY showed thzt, it would not be feasible to docuuent the fallout more
than 50 miles from grcund zero vith avuileble lo;istic suprort. The
radial array of campling staticns chown in Fig. 2,1 wac evolved from
these criteria, Thic plan was modified within the atolls to take adven=-
tage of availcble islands and to permit the plucement of simple rectan-
gular grid arrays in the lagoons. In addition, limitcd sam:ling stuticns
were arranged at & number of outlyinsg islands,

Operationally, Project 2,5a was divided into two phases - one
requiring the collection of data from lend and lagoon stations, and the
other from sea stetions. Loglstic =upport for the land and lagoon phase
irvolved the use of smell pouts and helicopters while mounting of the
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TABLE 2.1 - bredicted Downwind Contaminaticn Levels for Shots 1,2, and 5

after Detonation
(r/hr at times indicated)

Shot 5 nmi lOnmi |15nmi | 20 nmi |25 nmi | 30 nmi
2 hr |3 hr |2 hr|3 ar|2 hr|3 Br|Z hr|3 hr|2 hr|3 hr|2 hr]3 hr

1
(based on
6 MT
yield) 10,000( 5000 | 5000 4000130001300011200{2000] 800}1500 0 | 800

2
(based on
3 MT
yield) 7,000 4000 3000 {2500{1300{1500] 700{1100{ 200} 400 0| 2C0

5
(based on
Sc ; )‘T/
yie;l) 12,000| 7000 6000 | 5000|4000} 4000{2000{2000]1000]{2000 0 {1000

sea phase required employment cof sea-going vescelc under the Nawvul Task
Group Commard.,

2.1.2,1 Land Stations

At Bikini, the islands of Able, Fox, How, Love, len, {coc,
Uncle, william, Yoke, and Zebra, were used for sampling and obtairiug
garma field moasurements, Stations consisted of concrete explacements
with instruments installed in and cbout them,

At Eniwetok, the iclands of Ilrene, Bruce, Yvonne, Wilma, Lercy,
Alice, Janet, and Nency were used for sampling =nd for obtuining gumma
field measurements, where poszible, st.ticn emplecements rermaining frem
IVY rallout sampling werc utilized; otherwise inctriuzents were pleced in
h2e open and sultable tie-down arrangexents improvised.

Stations were estublished on the following outlying islands:
Rongerik, Kusaie, tajuro, Ponape, Wake, Guam, Kwajalein, and Johnson.

2el.de2 Lacoon Stations

Rectangular-grid arrays of stations were cstablished for
lagocns of both test atolls, as shown in Figs. 2.2 snd 2,3. These ccn-
sisted of anchored buoys to which rafts were attached (see Fig, 2.4).

2.1.2.3 Ses Stutions

—— e

Sampling in the open ocean was accomplished by means of free-
floatinz buoys to which, in some cases, rufts were attached. ¥Flans were
made to provide the complete coverage indicated by Fig, 2,1 for one land

2
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and two water shots in the megaton yield range. A smaller array extend-
ing to 15 miles was planned for the lower yield Echo shot.*

2,2 LAND AND LAGOON PHASE

The land and lagoon phase of operations took pluce at Bikini Atoll
for Shots 1, 2, 3, and 4 and at Eniwetok for Shot 6. In addition exten-
sive preparations for Echo were made at tniwetok. The instrurentation
of the islend and the lagoon raft statlons is discussed in Chapter 3.

The preshot preparsztions at 2ikini involved reudying the e uipzent,
calibrating the instruments, and emplacing them at the island ond lagoon
raft stations. This was completed a week prior to thot 1. Final checks
were rmade on the equipment at all the existing stctions 1 to 2 days
before shot time to assure ccmrlete readinecs and operational efficiency.
treparations wvere also made for the r.covery operations and for the
re-instrurentation of the stationms.

rarticipation in 211 detonations except Shot 5 was achieved &lthough
not to the extent originally planned. The lesser participetion was due
to the destruction of equipment by the fire in the compound at Ture fci-
lowing Shot 1, Tables G.l through G.20, Appendix G, show the degres of
instrurentation and recovery for each shot.

2,3 SEA PHASE

Free-floating buoys were selected for sampling fallout in the open
ocean on the basis of their evaluwstion at IvY.7/ Each buoy station was
so located that it was expected to drift to the desired positicn by shot
time, Records were kept of the locations and times of placerent and
recovery of each bucy. From these data, positions at shot timc were
estimated by assuming that each buoy drifted in a straight line at a
constant speed, It was cssential that the time the buoys were ut sea be
held to & minimum so that their loc:tion at shot time could ve estimuted
as accurately as possible, For this reason the array for each test was
laid out within 326 hr of the proposed shot tiume =nd rzecovered as soon &s
possible afterwards,

Sea phase operaticns were mounted from Eniwetok Atoll for all shots.
Detailed direction, once Naval units wvere comritted, was accomplished
from ships based at Bikini Atoll or from vescels actively participating
in Project 2.5a operations,

2.3.1 Pretest Freparztions

The buoys and asscclated equipment were assembled and tested at
Parry Island., Liaison was estublished with the Nawvel Tack Group arnd
plans for conducting the sea phase were made, Thege plans consisted of
loeding two sea-going tugs with =yuipment at Eniwetok Atoll, after which
the vecsels proceeded to sea to lay the bucys. After compietion of the
buoy laying operctions, the tugs retired to a safe area to swait the
chot., Upon receipt of clearance from the Naval Task Group Commander
folloving the rchot, the tugs vroceeded to recover buoys after which they
returned to tnivetok to off-load, Detailed plans for laying the buoys,
* liot fired.
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taking into account steaming times, time required for laying, and drift
and set of the currents, were prepared by the project for each shot im
which it rarticipated. They were then forwarded to the Naval Task Group
for approval and incorporation into their evenit plam. Project personnel
accompanied the ships op their missions to advisc and assist in the
hundling of samples and employment of project equipment.

s Rehearsals

Arrangements were made with the Task Force to schedule ship and
aircraft support for pre-operation rehearsals for the following purposes:

(a) To indoctrinate personnel in the process of laying and
retrieviny buoys and rafts and in the handling and mounting of project
equipment at sea,

() To test the radio identification and location systems to
be used.

(¢} To obtain infermation on current velocities in the ocean
about the two test atolls.

() To test radio transmiscion from the buoys for compatability
with other trinsmtissions used throughout the Task Force.

In the rehearsals a limited number of buoys were laid around the
atoll, Location and recovery operaticns were sturted the following cay.
These rehearsals furnished vuluable information regerding various phases
of the operztion and acquainted the crews of the ships with the probleus
to be solved. Under normal condi“ions the rudio transmitter oper:ted
successfully. It usually could be detected on the ship's directlon-
finding gear out to 15 or 20 miles and greatly facilitated locating the
buoys. The ocean currents were found to vary gre:tly both as to set and
drift. (Sce Appendix H.) It becume apparent thut the ability to mount
the sea phase would be strongly influenced by the sea state. The hand-
ling problem aboard cship, the terformance of the buoys and transmitters
at =ea, &nd the detection and homing problem all were adversely affected
as the sea state increuced, It wes concluded that a full array could be
placed as plunned only if the sess were relstively calm, snd that the
cut-of{ point at which buoy operzticns must be discontinued would be a
sea state of four, It was further concluded thut operations in seas
approachin; state four vould result in damuge and loss of equipment in
some degree, as well as extending the time required to carry out all
phases,

The rehearsals showed th:t the loss rate of buoys would probably
be greater than unticipated. Thus in the plenning and conduct of the
sea rhase for euch shot caref:l considercticu had to be given to conser-
vation of equioment for the remaining shots in the series,

2363 Shot Partiecipation

At the start of CASTLE, 124 buoys completely equinped with radio-
transmitters &nd surpling devices were aveilable, Twenty of these wmiis
less radiotranscitters were used to augment the sampling program at
cikini following the destructicn of I'roject 2.5a equipment and facilities
after Shot 1. The disposition of the buoys during the sea phase
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TABLE 2,2 - Summary of Sea thase Operaticn

T
Buoys
: Prepaied No. of Buoys lLaid Buoys |Buoys|{Cumulative
Operation for 1st 2nd 3rd | Recovered| Lost| Losses
Test |Attempt |Attempt|Attempt
Rehearsal 12 1 - - 4 7 7
Shot 1 6C none 15 - 9 6 13
Shot 2 6C 6 1 1L 11 23 36
(all from
3rd
laying)
Additionsal
Eniwetok
Drift Test IA 4 - - 2 2 38
Shot 4 40 26 - - 7 19 57
Shot 5 20 14 6 - 4 16 73
Shot 6 5 4 - - 0 4 77
L

is summarized in Table 2,2. For the sec phase 11/ buoys were laid; of
these 77 were lost. Of the 37 recovered, 10 were damaged beyond repair
and 17 required a major overhaul,

The conditions under which the shot participation in the sea
phase were made are best illustr.ted by Shot 4, Here placement &and
recovery of the buoys were done under the direction of CTG 7.3 and his
staff with the advice and assi:stance of a project representative. Con-
trol was maintained tarough the Combat Information Center (CIC) aboard
the command ship, USs Curtisc, All necessary communication facilities
were made available., Information on planting progress was relayed
regularly to the CIC where it was immediately plotted, On the advice of
the staff aeroiogist, late changes were effected in the array correspond-
ing to shifts in wind patterns which would affect fallout, The first
deferment was a 24-hr delay of the shot after all laying operations had
ceased, The ships involved were directed to proceed to favorable posi-
tions tc commence placement of additional buoys., Wwith the second defer-
rent announced before additiomal buoys were laid and it being an indefi-
nite delay of the shot, recovery operztions were started irmediately.
Using a standard CIC system of coordinated aircraft and surface search,
radar fixes were rapidly obtained on 11 of the 26 buoys and recovery
ships were directed to pick up positions. Buoys were located by homing
on the radio signal transmitted from each. After recovery of seven buoys,
the search was discontinued and the ships were ordered to Eniwetok to
prepare for the next test scheduled there 48 hr later,

On the busls of this experience alomg with recovery from Shots
1 and 2, it was concluded that the buoys and associated equipment per-
formed satisfactorily. Although rough seas interfered to a great extent
in the sea phase operations, fallout from most of the shots could have
been collected fairly satisfactorily had the shot schedule been firm,
The cocbination of deferments and rough seac resulted in the loss of
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considerable eguirment, Of the buoys recovered fallout data were
obtained from omly 20 on Shots 1 and 2.

Uats were obtained on the currents in the vicinity of the two
atolls. These data along. with similar data from IVY are included in
Jppendix H, '

20303.1 shot 1

The arrocy planned for thc first shot is shown in Figs. 2.5 and
2,6, This wes consijered to be a reasonable effort based upon rehearsal
experience, Heavy seas prevented plac.ment of all except the portion
shown in Fij. i.6. This citempt to sample tbe fallout was unsuccessful
bccause the privary fellout occurred in another sector. This failure
iniicated the importance of huving a 3609 array around ground zero.

2e3e3e2 Shot 2

The originzl plan for Shot 2 called for a complete 360° array
cimilur to thoet plenned for Shot 1. A portion cf this plan was executed
tiice tut in ezch case the shot was deferrei for un indefinite period,
The buoys placed -n these cccasions vere lost. «n alternate zlan which
rejuir:d less time to implenent was devtloped for use in case notice of
the shot date was givem too near sho® time to permit laying the .riginal
urray. This ultern.te plen was uced for Lhot 2. See Fige. 2.7,

2.3.303 shot .{l

The buoy urray and cetuils of the operaticn plun for Shot 4
cre civen in Appendix A, This plun was successfully carried out on the
busiz of a firm schedule for the fourth test, iowever the effort was
nullificd by « very lut: deferment of the shot. Cnly 7 of the 26 buoys
werc r c.vered, when the shot finally did occur no buoys were in the
nrinery follout zone,

2-}03-4 “hot

Bunvs were l:id in two separate atlempts to d .cument fellout
on Shot 5, The tirst array vas cimilar to that employed for Shot 2
(fFiz. 2.,7). The cecond was intended to au/ment the first folloving a
2.-hr dela, of the test, Further deferment . ullified this effort, ulso,
Partici mtion by projcct personnel in the wuter samnlin pro run uJas
cffected for Shots 5 2nd 5. .esults of this field work huve been reported
elcewhere,

2-30305 Shot

i3

our buoys were planted from the rhips assirnmed to Project 6.4,
corrrencing “<hr prior to the shot. li:avy seas prevented recovery of any
wnits.
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CHLPTER 3

INSTRUMENTATION

The apparatus used in this oper:stion was desigmed: (1) to collect
fallout samples, &nd (2) to measure the gamma radiation from the fallonut.
Various collecting devices were used to gather total fullout on a known
area and increments of fallout as determined by a time or quantity basis.
Also, aerosols from a known volume of air were collected. lany of the
devices were similar to tho<e used in Project 5.4 at IVY; 7/ cthers were
prototypes being field tested for the first time. Besides the fallout
collectors and the devices for measuring radiation fields, accessory
equipment was required Lo start and stop the apparatus and to furnish
power., In some cases the accesscry eguipment had to meet more stringent
requirements than did the primery collecting devices. A prime exacple
was the f1:.e-floating buoy which had to be pcsitively identifiable by
Task Force security patrols and had to be provided with a means for
locating .. from a ship many miles distant. A year of intensive inves-
tigation and testing was spent in selecting and developing & satisfactory
system, * for locating the buoys.

3,1 DESCRIPTICON AND OPERATION OF THE HQUIR-LINT

Instrument designs were based on specific collecting requirements
within the limitations imposed by cerisin mechanical, elzctrical and
operctional restrictions. The following sections give a brief sumery
of the design and operation of the equipment.

3.1.1 Total Fallout Collectors

Two methods were used to obtain samples of totel fallout., A
polyethylene funnel-end-bottle arrcngerent consisting of a 7-in. diam-
eter funnel and l-pal bottle (Fig. 3.l1) was used at all stations to
collect and retezin deposited material. The other collector, &iso uczed
at 81l stationc, concisted of 2 horizontal 1-ft square of trarsparent

™pevelopment and Testing of Identification System for Project 2.5a
Free-floating Stations at Oper:ticn CaSTLE," Project Officei, froj. 2.%
1tr 3-905C-L43A of 24 Nov. 1953 to TTU 13, USHNEDL Documert C09472 lLov,.
1953 (SEZCRZT),
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gumed paper mcunted on water resistant cardboard. In both methods,
the collectorc were continuously exposed from the time of their rlace=-
ment wntil recovery. Samples obtailned were used primarily in deter-
mining the final fallout cdistribution patterns.

3,142 Differential Fallout Collector

The differential fallout collector (Fig. 3.2), employed to
collect fallout as a function of time was an improved version of the
belt sampler used during IVY. It was omployed on most land and many
lagoon stations. It was designed to expose 4O jars consecutively at
5 min intervals after bteing started by a signal from a light-zctivated
trigger. This equipment was powered by a 6-v, 110-amp-hr 3torage
battery.

3.1e3 Film Badge Pack

Use was made of the llationul RBureau of Standards film badge
pack to measure the integrated garma rediatlon dose at each stution
vhere fallout was collected, These dosimeters were provided and pro-
cossed by Project 2.1 personnel.

3eled Gapma Time-Intoncity Recorder

The gemma time-intensity recorder was used in conjunction with
a data reduction system, to provide lonz-term, continuous information
relative to radiation fields, It consisted of a series of ionization
chambers, acsoclated_electrometer and reley circuitry, and Esterline-
Angus pen recorders.&f/ The information for eurh chanber was stored us
& vimple pulse, euch of which correspcnded tc the basic increment of
gaima radieticn for the siven chamber. The systen was essentially of
the churge integreting autorecycle type, the churber being recharyed to
its original voltaze as each basic increment of radiution was received
and recorded. The basic chamber increments were 0,1 mr, 10 mr, 1 r, and
100 r covering the range from 0.1 mr/hr to 10,000 r/hr. The instrument
was powered by ten 150-amp~hr batteries, eight of which were in series
providing 48 v for tho relay circuits and power to crive the pens in the
Zsterlinc-angus recorder; the other two were in purallel providing 6 v
for the fileaments of the amplifier tubes in the detector heeus. A
spring-driven mechanism moved the paper in the Lsterline-Angus recorcers.

3.1.5 Prototype Collecting Devices

Severul protctype instruments were tested for their posscibilities
as fallout und bare surge suxplere., Two such instruments vere the elec-
trostutic precipitater cnd the automatic water drop collector. The
samples collected by those ingtruments wero analyzed at the USIUL. The
results are glven elsowhere.%g/

The electrost:tic precipitator was developed cs a fo;r sampling
device to obtain informaticn on cize, rediocactivity, snd ionic content
of individusal 1iyuid scrceol purticles. The sermpling was uccomplished
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by precipitating the fog by mesns of &n electrostatic fleld onto a con-
tinuously moving, specially censitized film. Film reels were later
removed from the device, developed, and analyzed. The electrostatic
precipitator was powered by u 1 KVA motor generator and was capable of
sampling for a maximum of 6 hr, At island stztions it was started by a
signal from a light trigger and munually on the YAGts,

The uutomatic water drop collector was a device for collecting
raindrops in flour filled trays when they were retzined as pellets of
dough. After a preo-determined numoer of rain drops had been collected,
the device automatically changed truys. The collector was sterted by a
signal from a light trigger. The nechanism for changing trays was
driven by compressed gas and was criggered by a rain drop contecting a
censitive element. The area of the censitive element was adjusted sc
that there was a high probubility thut a tray would be changed only after
a pre~determined number of drops had fallen into it.

3.1.6  Iriigers

The crincipal trigger was a light-activated device comsisting of
a trigger head, a trigger box, and a battery and pover catle 8.3sembly
(Fig. 3.3).

A prototype radiuticn trigger was also tested as a buck-up trig-
ger. Its censitivity was so high thet it could not be used on the ccn-
taminated islands =fter Shot 1, It may prove to be satisfactcry after
some modifications.

timple precsure-wctusted trigzers were designed and ccnstructed
at the site %o elleviute the shortage of triggers that occurred when
spares vere burned zfter Lhot 1,

3.,1.7 Free-floatinz Buoys

Free-floating buoys vere used as collection stations in the cea
areac around bikini atoll., Firure 3,4 shovs the following details of
construction: Flatform to mount the gummed peper collector; antenns
whips; antennz coils; identificution flag; total collector; buoy float
containing the radio transmitter cnd bottery nower; and keel mount. Not
shown are the weight «t the bottor of keel mount und the film bsdge on
the mest 2 £t above deck.

The identifierc on the floats were single-stuge crystal-controlled
raiio transmitters, operating on the fcllowing zutnorized frequencies®
1309.375, 1243.75, 1206.25, 1159.375, 1129.375, 1087.5, 1062.5, 1026.875,
987.5, and .1.875 kc. There units had a useful life of 4 to 6 days
before the batteries hud to be re—chnarged. The buoys were identified end
located by radio dir.ction-finding gear apoard Naval Task uroup chips and
aircraft.,

3.2 BYVALUATICN CF OTATICNS Ao HQUIPMENT

I% i difficult to mike a fair evaluction of the station and equip-~
ment_at CASTLE becaure nume rous chunges in chot scheduling and the
# Circuit lo. J112, ascirned by letter from Headqjuarters, TG 7.1, JIF-7,
J=22227, 15 Dec, 1953,
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extended period of the operation
required the equipment to function
under conditions considerably dif-
ferent than anticipated. Destruc-
tion of supnlies and spare parts by
the fire after Shot 1 severely
kampered re-conditioning damaged
apparatus and correcting anomalies
as they develored, Chanres in chot
scheduling particulerly curtailed
the usefulness of the free~floet ing
bioys. llany of the devices which
had performed satisfactorily at IVY
and at the HE! tests were badly cor-
roded during the long period of
CASTLE. In genersl, experience at
CASTLE emphasized the advantages of
simple equipment that could be modi-
fied readily to meet a variety of
conditions. Likewise, it stressed
the need for using non-corrosive
materials in the construction of all
apparatus exmosed to the atmosvhere,
A brief evaluation of the stations
and apparatus used at CASTLE is
given here as an sid for planning
future fleld programs,

3.2.,1 slend 3tations

Collecting devices were
located 1in concrste-lined dugouts.,
The IVY stations’//had been constructed
on the ground level., In both cases
sand tended to drift into collecting
devices indicating a larger quantity
of solids than asctually fell after a
shot. It would be preferable for
future operations if the collecting
equipment could be located above the
ground level and still be protected
egainst blast damage.

3.2.2 Legoon Stations

The raft staticns were well
cdesigned except for a few details.
Greater co2re shoulcd be taken to
insure that the battery is protected
from sea water, The roorinrs were Pip. 3.4 Free-flo2ting Sea
not installed as srecified originally Station Beins Launched
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and muny had to be replaced during the operation. After Shot 1, several
rafts capsized although they were designed to withstand the effcct of a
10T weapon, 5 miles distant.

3.2,3 Free-flozting Sea Stations

The performance of free-floating buoys as collecting staticns
was important to the main objectives of th: present work. Although
1ittle data on fallout were secured from these stations, sufficient
information was obtuined to determine the performance of the equipment
&nd the suitability of the method. The following observations are
pertinent: )

(a) Pe:formance of the buoys and associated equipment was
satisfactory. The low-frequency transmitters together with the radio
direction-finding gear aboard Naval units provided an adequate system
for locating and identifying the buoys. The handling problem in place-
ment 2nd recovery raised some difficulties, perticularly in increasing
seas, but was satisfactorily met.

(t) The free-floating buoy systew was unsatisfactory for docu-
nmenting fzllout under the conditions of shot scheduling which prevailed
after the first test, This statement would be true of any similar sys-
ten having the prerequisite thzt the test take place within a 24-hr
period specified 24 to 48 hr in advance,

3.2s4 Totul Collectors

From evidence given in Sections 4.2.1 and 5.1.2, modificaticns
in the design of total collectors are indicated. Nevertheless, both

devices uscd made satisfactory collections under same exposure conditions.

As errected from other experience, the principle of using simple continu-
ourly open (collecting) sampling devices was fourd setisfactory whenever
only total radiouctivity deposited per unit area was to be determined,
Cuch devices are not sctisfactory where it is desired to preserve the
charucteristics of the fallout because dilution by extrareous rain and
dust occurs.

30245 Belt Sampler

The belt sampler was handicapped by too msny moving parts which
were expoced to the elaments. It was badly corroded by sea spray; sarcd
lodged in the gears or under the belt and caused the sampler to function
poorly, The collescticn from this sampler on Shot 1 was much better than
on subsequent shots, Considerable vmluable data were obtained as shown
in CLupter 4,

3.2.6 Liyuid Droplet Sampler

The prototwpes tested at CASTLE failed to operate in most
instances. This {ailure was due both to a faulty iriggering mechanism
for indexing the trays and to the abcence of 1liyuid droplets in the
fallout from most ghots. MNonetheless this differential collector has
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several promising features, one of vhich ic its adaptation for collect-
ing dry particles. The mechanical parts are entirely enclosed. It is
powered by compressed gas which makes a compact source that ic easily
recherged and largely unaffected by atmospheric conditions. This device
needs further engineerin; development, It will be field tested agein
at future operations,

3,2,7 Electrostatic Precipitator

This device for colleciing swall aerosol droplets was the most
corplicuted sampling arparatus used on Project 2.5a., Its large power
requirements were sup lied by a motor-generztor set. It was elmost
imposcible to keep this equipment in operating conditicn, particulcrly
after the fire cauced by Shot 1 which dectroyed all the spare parts for
the electrostatic precipitator. Definite evaluztion of the ucefulness
of the electrcst:tic precipitator _. collecting aerosols at nuclear
tests cannot be made at this time.

3.,2,8 Trigger Levigas

The 1light trig-er was a modification of the one used at IVI. On
Shot 1, of 14 triggers surviving the blast effects 10 worked satisfac-
torily. The fire destroyed all spare perts o the permanently demaged
trigzers on the capsized rafts could not be replaced or repaired., A%
island stations these devices operated more satisfuctorily than on rufts.
The electronic circultry was improperly protected against atmospheric
conditiors, : .

A simplc blast trigger designed and constructed at the site
operated successfully at island and lagoon stetions for megaton we.pons
but wacs not sensitive enough for low yield weapons, Further uevelopment
of thic type of trigser is indicated for future field oper:tions.

3.2,9 Gamrs Tirme-intensity Recorder

This device was the ssme type ac those uced in large numbers on

the YAG's in Project 6.4. Two stations were operating before Shot 1.

The one on Yoke was damaged by a water wave which occurred after that
shot., The staticn on How operated satisfuctorily throughout the operation
until it was destroyed by a wave after Shot §. It collected valuabie
information concerning time and rate of arrival of fallout and its decay.
The dem:ed equipment was repaired and placed on Janet in preparuticn for
Shot Echo and later moved <o Lercy. It did not record any activity after
Chot 6 Lecause no fullout arrived on thut island. A more complete evalu-

ation of thic type cf instrument will be found in the Project 6.4 finzl
report.12 /
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CHAPTER 4

SAMPLE ANALYSES AND DATA REDUCTION

4.1 SALPLE ANALYSIS

Besic analysis consisted of garme ccurting thnse samples collected
for the determination of fallout cont~urs cnd measuring the fallcut par-
ticle size distribution and the amnarent cdensity of the narticles.

4L.1.1 Counting Technique

T™wo instruments were emnloved in counting semnles., The AT amma
ionization chamber was used vhere conversion of measured activities to
garma field intensities was desired. The pamme scinti}lation counter was
used where relative levels of activity were desired.

The AT gamme ionization chamber and its calilration ere identicei
{2 that descri‘ed in RECD-2367. This instrument consicts of a nregsurized
ion chamhrer, vitrating reed electrometer, and & Brown millivolt recorder.
The chamter is filled with arson st a pressure of 600 psig end overates
at a collection potential of €00 v. For low beckgrcund the assembly i<
lead-shielded. Samnles are lowered into the center of the chamter. Be-
ceLase the position of the source meterial is not critical, activities of
larre volumes of either licuid or solié samples cen be measured. The
gamme ionization chanler resdings were converted arbitrarily from milli-
volts to mr/hr in order that all readirecs tsken on fallcut te exvressed
on 8 conventional basis., A relaticnship between the chenher readings
in v and a calibrated AN/PDR-T1B Survey meter was determined. Corres-
ponding readings of '5 randomly chosen sarples from Chot 1 were teken by
both instruments. The eoustion of the 1esulting lineer vlot showed

mr/or = _V__ “
5.19

Vith this relationship determined from ~arples of hirh levels of activity
conversion of samnles of low activity, eccurately messured in the 4r
1othham1er, readings couldé then be reliatly converted to equivalent
mr/hr,

The secintillmtion counter’9consists of a detector accenbly and
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scaler unit Radiac Computer Indicator CP-79/UD (NavShips ©1892). The
detector assemhly mcunted inside a commercial lead castle consists of
a cylindrical sodium fodide ecrystal 1.5 in. in diameter and 0.5 ir.
thick, an RCA 5319 photomultiplier tube, and a pre-anplifier unit. The
crystsl is shielded from the sample chamber by 0.25 in. of aluminum.

The counters used were completely evalusted for coincidence loss
by using six paired sources and employlng a least sauare evalvation.3/
Coincidence loss varied from 1 per cent at 100,000 ¢/m to 10 per cent:
at 2,000,000 c¢/m. '

All differentiszl fallout collections were counted under fixed
geometry and corrected for background and counter coincidence losses.
No attempt was made to obtain any more than relstive counts between
sarmles.

4.1.1s1 Total Collectors

Many of the total) collectors contained considerable quantities
of rain water which fell during the relatively long period between place-
ment and recovery of the ins‘ruments but not during the periocd of fallout.
In these cases there was leaching of the fallout activity into the liquid.

Preliminery separations of the lJiquids and solids were achieved
by decanting the gross samples. Final separations were then obtained by
centrifuging which left the resultirz liquid clear or, in some cases,
containing colloids.

The iiquid volumes were measured and the solids dried and
weiched, The samples were placed in 100-ml lusteroid centrifuge tubes
and ganma activity measurements were made on these samples with a im
gamma ionization chamber. In instances where the liquid fraction ex-
ceeded 100 nl, these samples were concentrated to the desired volume
after acidification.

4el.le2 Curmmed Paper Collectors

The acetate-backed 1-ft squares of gummed peper were removed
from their cardboard mounts and folded to fit into 100-ml lusteroid
tubes., Their gara activities were weasured with a 47 gamra lonization
chamber,

4.,1.1.3 Differentiel Fallout Collectors

Each of the 40 nolyethylene collecting jars was removed from
the collector and decontaminated on the outside. The j2r operings were
then canped with cellovhane 0.0M in. thick held in position with a
rubber band., Garra counts were then msde vith « scintillation counter.

4L.1.2 Particle Size Measurements

The particles were fixed with Krylon ~n a framed cellophane
membrane. Contsct sutoradiographs were made using Eastman Ccmmercial
Ortho film. The outer islend snalysis emvloyed nuclear emulsion strip-
ping £ilm with the varticles fixed to the non-erulsion side of the film
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with Krylon. Use of nuclear emulsion strirning £ilm is the better

technique, However, because of the unavailability of the stripping
film, the majority of the work was done using the autorsdlographic

technizues described above,

All diameter messurements were made on one axis cnly using an
optical microscope with a micrometer eyepiece. The least count of the
micrometer was 24 . A .

Eech plate was scanned and measurements on the radioactive
particles were recorded. The minimum diameter of particles measured
in this analysis was of the order of 5 u..

Lel.3 Perticle Density Measurements

An optical microscope having a calibrated micrometer eyeriece
was used to measure particle diameters along 2 axes, Relative activities
were deter-ined wit- a gamma scintillation counter under conditions
identical to those used in counting the gross samples from the uiffer-
ential fallout collector.

Particle density was determined by a flotation method with mix-
tures of bromohenzene and bromoform as the liquid phase. In a liquid
system containing only two comncnents, the densities and refractive
index valves are an additive function of the compositions., Correspond-
ing densities and index of refraction with composition are available
from the literature., Pure bromobenzene has a density of 1,499 ané an
index of refraction of 1.550 while pure bromoform has a density of 2,290
and an index of refraction of 1.598,

Each rarticle was pleced in a precision 1-ml glass-stoppered
volumetric flask half filled with a solution of density approximating 2.
Inverting the flask ellowed verticel movement of the particle along the
flask stem, Drops of the appropriste liquid then weire added and mixed
until verticsl movement of the particle cessed, indicating that the den-
sities of the liquid and perticle were identicel, an Abbe refractometer
was used to determine the index of refraction of the resulting liquid
and hence its density from the known relationshios,

/.2 DATA REDUCTION

Equation 2.1 implied a constent ratio between the measured sanple
activity end the infinite gamma field at the sampling station. This
implication was found to te valid only for the gurmed paper collectors.
The ratio was not constant when anplied to the total collectors,

Le2.,1 Total Collectors

All measurements of gamma activity were made in the 47 ionlze-
ticn chenmler., Annendix B tabulates all data as measured. Where activity
in the total collectors was found to exist in both the liquid and solil
phases the total activity for that collector was determined by simply
addine the liquid and solid phase measured values, :he data from the
land stations, after being converted to equivalent mr/hr values, were
compered to the equivnlent field survey deta obtained by hoth Task Force
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Rad Safe surveys and Project 2,5a surveys. Comparisons of these values
were dcne by converting all messurements to mr/hr at O + 4 days after the
dotonations., This pveriod was selected because these island survey rea-
surements were felt to be more valid than at earlier times when the
majority of the survey readings were obtained by helicopter at verious
heizhts above the surface, Coaversion of all meesurements to 0 + 4 days
was mede by usins the composite gamma field decay curve in Fig. 5.1.
Although this decay curve was constructed from loth theoretical and ex-
perimental eveluation of Shot 1 data, its use in reducing data from
Shots 2,3,4, and 5 does not introduce arorecieble error as is shown by
a comparison of the experimental an¢ theoretical decasy curves for these
shots.13/ It does introduce some srror into the Shot # crlculetions be-
cauvse of the significantly different capture to fission ratios existing
for Shot 6,

The ratio of actual pamma fields to measured activity fourd in
the totul collectors located on the atoll islarnds was not a constant .
for the many islands evaluated., Figure 4.1, a plot of field readings
to readings as determined from the total collectors, wus constructed
by consicdering all data that were available; this included msasure-
ments from Shots 1,3,4, and 6, A curve was fitted to the data which
indicated a 1 to 1 ratio at high levels of activity and a 10 to 1 ratio
where the total collector measurements were of low intensity. This curve
was extrapolated at total collector levels below 1,0 mr/hr with a ccnstant
slope inlica‘ing a 10 to 1 ratio between field survey mvasurements and
total collector measurements., Since this variable ratio wes found to be
independent of the shot detoneted, 1t is reasonable ts believe thet the
explanstion for thc variance is inherent in the characteristics of the
collecting instrument,

The fallout in areas of high residual gamms activity were thoze
where the larper particles predominsted. These particles with colpara-
tively high rates of fall aprarently do not tend to follow the stresr-
lires about the collector. This tenderncy may explain the higher collect-
ing efficiency resulting in those areas of high residual pamma fields.
The tact that the ratio of gamma rield measurerents “o gemma measurerwvuis
frow the total collector approaches 1 in the areas of high gamme activity
is fortuitously coinci-dental,

The activity collected in the totel collectors employed &t the
lagoon stations was converted to equivalent infinite Tield values by
using the curve in Fig. 4.1,

A1l deta were then converted to r/hr et 1 hr using the composite
gamma decay curve in Fig. 5.3.

A similar evaluation of the gummed paper collectors was made.
The curve in Fig. 4.2 was constructed using data from Shots 1, 3, and 6
to determine the ratio of gamma infinite field measurements mede with
survey inst—ments to those made on the gummed papers with the L7 ganma
fonization chamber. A constant ratio of 2 to 1 was determined for this
collecting device,

The gurmed paper measurements from lageon and free-floating sea
stations were then corrected to infinite field velues at C + 4 days by
use of Fig. 4.2 and then converted to r/hr at 1 hr usinrg the composite
ganma decay curve in Fig. 5.3.
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CHAPTER 5

CHARACTERISTICS CF FALLOUT

5.1 GAMMA FTFLD DECAY

The decay rate for the gamma radiation from the fallout as measured
in the field was analyzed from a theoretical as well as an experimental
viewpoint, Data are presented on decay for Shots 1, 2, and 3. Since
the capture to fission ratios have been reported as substantially the
same for Shots 1 through 5# these data should be applicable to all five
detonations, Their use on Shot 6 radicactive debris may be questionable.
In general, the laboratory samples measured with ionization 1nsiruments
in this study compare well with the field da‘e read with an ionization
survey meter, AN/FDR-T1B,

The standard gamma decay constant, k « 1,2, that is presently
used for nuclear detonations,is invalid for thermonuclear devices over
the period from time zero until the contribution fror. induced activities
is insignificant as is evidenced by the followirg anai;sis.

5.,1.1 Theoretical.and Field lecay

Theoretic.l beta (d/m) decey curves (Fig. 5.1) were constructed
for Mike shot, IVI** as well as for Shot 1, CASTLE.*** Data for these
curves were calculated “rom the fission product decay and the reported
capture to fission ratios of the important nuclides and were normalized
to 10,000 fissions at O time.l8/A theoreticel gamma decay curve based
on the capture to fission ratios from Shot 1 (Fig. 5.2) was also con-
structed. The calculated curve gives the gamma energy 2mission rate
(Mev/min) from a radioactive source of Shot 1 composition as a function
of time after detonation, It will correspond to the experimental gamma

ionization decay curve if (a) the detector response is inuepurdent® of
energy (flat) at all pamma energies and (b) the geometry of the source,

* Private communication with N, Ballou, U L.
*% By N.Ballou, USNRDL.
#2# By R. Cole, USNRDL,
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scattering, and atsorption do not affect the detector resnonse or gamna
spectrun seen by the detector., Siance the latter condition is never fullr
satisfied, the calculated curve always difers from the experimentel one,
Table 5.1 tahulates the slopes of the theoretical decay curves considered.
The exverimental beta decay curve for Shot 4 (Fig. 5.1) and the experi-
rental gamma ionization decay curve (Fip. 5.2) for Shot 1 are presented
for comperiron. The two theoreticel teta decay curves are in very close
agreement and each acree well with the experimental beta decay curve,

Tha experimentel jamma ionization decay curve for Shot 1 and the cal-
culated gamma (Nev/min) decay curve (Fip. 5.2) ere not in good apgreement
from 5 to 100 hr after detonation. This lack of agreement may te due to
the nature of the response of the ionization instrument or to other factors.

TABLE 5.1 - Theoretical Deceay Data

Type of Decay Slore of Decay Curve over Period Indicated
(hr after ABD)

1-3[1=-5]3-48]5-96124 - 144096 - 672

Calculated gamma
icnization decay -- 1.37 1.08 1.33
Shot 1 (lev/min) ;

Calculated beta ?

|
decey == Shot 1 (d/m){1.42 0.83 l 1.40
i
Calenlated beta 5
jecay -- Mike Shot, |1.44 0.865 ‘ 1.37
vy (d/m) 1

4

Firure 5.3 is a composite pammas ionization decsy curve con-
structed from all avcilable field data; it has been used in this renort
for conversion of all field data taken with an AlL/FDR-T1B, AX/PDR/39,
or the gemma ionlzatioun time-intensity recorders as well as for conver-
sion of the 47 gamma ionization chamber laboratory date, Comnerison
of How Island Task Forece Rad Safe measurements and the Project 2,5a
gamma time-intensity measurements shows very close agreement from O + 2
to 0 + 20 days after Shot 1 (Table 5.2).

This agreement of the time-internsity recorder curve with field
survey readings was assumed to hold between O + 2 hr and 0 + 2 days.
Therefore, for the time interval (O + 3 hr to O + 20 days) the time-
intensity recorder data were used to construct the composite curve
(Fig. 5.3). However, for the interval from O + 1 hr to O + 3 hr the
garma tine-intensity recorder nust be compensated for fallout that was
still arrivi. -+ the compensated curve would then have a slope steeper
than the experime. -1 decay curve, For this interval (O + 1 hr to
0t 3 hr) the calculateu -°mma decay curve was used in tle construction

©

of this composite decay curve,
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TABLE 5,2 = Experimental Field Decay Data

or v ap—— ——

Type ofvﬁéc;} o Slope of-Decay Cﬁ;;é over Period Indicated
_._.{hr after ABD) |
I 2-10 10 - 48 48 - 480

|
'

-
‘Gamma Ionization f
|

Time-Intensity
Recorder, How Island-:
Shot 1

1.19 . 0.815 1.52

Gamma Ionization
Task Force Rad Safe - - 1.50
T1B Survey

5.1.2 Exverimental Laboratory Decay

Table 5,3 summarizes the slopes of the decay curves obtained
from samples measured in the latoratory on two instruments., Gamma decay
was measured with a 4w gamma ionization chamber and a gamma scintilla-
tion counter. The average slope of the decay curves measured on 6 in-
dividual fallout particles with a gamma scintillaticn counter is -2,08
from 9 o 30 days and -1,50 from 30 to 60 days., Project 2.6a reportedl8/
an average slope of -2,11 for measurements with & similar gamma scintilla-
tion counter on the first four shots from total collector samples over
the period O + 7 to O ¢ 22 days, The Jecay curve slones obtained from
meesurements on the 4w gemma ionization chamber are of more general
intereat since its response is close to that of the AN/PDR-T1B survey
meter. A comparison of Samples 1, 18, and 21 (Teble 5.3) shows that the
decay curves of tl:ese fallout samples have comparable slopes; however,
the liquid fraction of Sample 18 has a slope of =1,22 while the solid
fraction has a slope -1.60. The ionization-counted gurmed paper ssnples
from Shot 2 have ar average slope of -1.6l from 170 to 480 hr; for Shot
3 samples the slope was -1.73 from 200 to 600 hr, These slopes suggest
that the leaching of activity preferentially removed the longer lived
nuclides both in the case of Sample 18, Shot 3 and the rain- and sea-
washed gurmed papers from Shots 2 and 3, It further suggests that the
gumed paper collectors lost a portion of their collected fallout from
leaching by sea spray and rain.

The datas are consistent with little fractionation of activity
within the sampling area,

5.2 FARTICIE SIZE

Fallout particles from the differential fallout collector were
analyzed for size distribution with respect to both time and distance.
Data are presented primarily for Shot 1 with limited data on Shot 6.
The amount of visible particulate collected after Shots 2, 4, and 5 was
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small. No samples suitable for particle analysls were obtalned from
Shot 3. Fcllowin~ Shot 1, 6971 radioactive particles were analyzed f{rom
the area within the Bikini Atcll and 621 particles collected on the outer
atolls of Ailinpinac, Rongelan, and Utirik were eveluated, The differ-
ential fallou® collector on the island of Alice contsined some parti-
culate from Shot 6. These data are also presented,

£.2.,1 Shot 1, Clnse-in Fallout

The size distribution of close-in [allout particles wiin resnect
to time for four lagoon and thrse island stations are given in Apnendix
C. Only radiocactive particles ave inciuded in the data, Of the 40
available sampling increments within each differentisl collector, thoss
increments that visually appeared to contain a large amount of parti-
cuiate were selected for analysis. Increments over a wide time period
were likewise selected, Arnalysis of the bar graphs with resvect ‘o
rate of arrival or time of arrival is therefore an approximetion, Data
on time of arrival are presented ir Section 5.6 of this report.

Fig:ro S.4 shows the ei7a frequency distribution of the Shot 1
close-in particulate. It 1s a com:osite of the bar granhc for the four
lagoon and three island stations. (Fips. C-1 through C-7.)

Firure 5.5 is a plot of the cumulative size distrivution of
Shot 1 particulate presented cn a log probability rravh, The si:ze
distribtution is very close to log normal with au geometric mean particle
dinreter of 112 .

£ e242 Stot 1, Tuter Icland Tallout

Samnles of earth were collected bty the outer icland survey .eam
following Srot 1. 15/ The radioactive marticulsate found in these scil
samrles was analyzed for size 2istritution ani? the recults are presented
in Fi~, 5.6. These atolls were 70 to 270 n~utic2l miles from Shot 1.
Firure “,7 shows a lor nomal size distritutiun for particles collected
on uhiree atolls, The raormetric meen particle diareters are precerntod
in :’(J‘_le Fo/~o

TazlT 5,4 - Geormetric hean Partlc e TMareter

TITT - - p— : =
atoll ] Dit-nce f‘ro'nI Geormetric Nean
Shot Point !I~rtie’e Dinneter
| i
' L (X" mi) (u) L
| Zikini 10 ] 112
i Ailinpinae 70 20 !
l Reazelon | 107 f 70 |
' i
Utirik 2T .5 i
L. _ 1 ]
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The fact that the meen particle diameter at Ailinginse is smaller than
2t Rongelap cen be partially explained by enalysis of the wind profile
which indicates, as one moves south from the axis of symmetry of the
fellout psttern,that the particles delivered have smaller diameters (see
Chapter 6).

5,2,2 Shot 6, Particle Size

The differentinl collector stntioned on Alice contained visille
particulate as well as some liquid; the anelysis of particle cize dis-
tritution 1s presented in Appendix C. With a total of 321 particles
measured the distrihution was nearly log normnl with a geometric mean
diameter of 1820 M &5 shown in Fig. 5.8. Alice was 3 nautical niles
from ground zero.

5,3 RATIO OF ACTIVE TO INACTIVE PARTICIES

One of the most difficult problems tc resolve is the ratio of
active to inactive fallout particles that arrive at a collecting instru-
ment., This is especially true of the smeller diameter particles because
it is extremely difficult to avoild pollution of the ssmple hy extraneous
particulate. In this anelysis many small inwctive particles were observed
during the meacurement of rarticle diameters. .n many cases these parti-
cles were less than 5 b in disreter, To arrive at a ratio, all parti-
culate was ignored that did not have the characteristic white opaque
color of fallout,

Two semples were analyzed from Shot 1 fallout collected at lagoon
stations where the effect of island dust pollution was minimized. The
results are shorn in Fig. 5.2. Approximetely 25 per cent of the parti-
cles were found to be inective with the mean purticle size of the in-
active particles smsller then the active,

5.4  PARTICLE DENSITY

Particles from the Shot 1 lagcon station differential fallout
collectors woere analyzed to determine their apparent cdensity which is
defined as the specific gravity of the particle as a whole. Because of
the station locations and the collecting instrument uced, these particles
had & very high probability of being true fallout, Seventy-nine pzrticles
from stations 250,04, 250.17, end 250,74 were neasured. Density, average
diameter, color, and relative activity were determined for each rarticle.

Tabtle .5 shews the particle density found at each station. The
overall averare density of the 79 particles was 2.36 g/cu cm with a
standard deviation of 8.9 per cent.

Attempts to find relationships between particle size and activity;
particle size and density; end density and activity proved unsuccessful.
All particle density data are tabulated in Appendix D.
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TABLE 5.5 - Particle Dersity

— 0 U S ]

! No. of Particles | Averape Standard |
! Station Invastigeted Density | Ueviation
{~ - (g/cu cm) ' (rer cent)
| 250,04 32 L 2,22 oo
| ' i
L 250,17 29 2.0 | 7.4
250,22 18 2.45 | 7.4

5,5 GROSS PHYSICAL CHMARACTERISTICS OF FALLOUT

Comprehensive date on ohysical and chemical characteristics of
fallout are presented ir the Project 2.6a report.l§

5.5.1 Surface Lard Shots

It is well established that the fallou® from the island shots
was very similar to that which occurred after Mike shot et IVY, namely
dry, white, opajue, irrepsularly shesped particles. Figure 5,10 shows
Shot. 1 fallout as it arrived on “he purmed paper collector locested at
station 250.04. It ir typical of fallout {rom islerd detonations in
the Pacifiec Proving Ground,

5¢5.2 Surface Water Shots

Positive evidence of particulate fallcut was found in tke dif-
ferential collector iceated at Alice Island af'ter Shot 6. However, the
rurmed paper collecters located on the free floating buoys after Shot 2
showed no eviderce cf ary particles visitle to the naked eye. It 1is
felt ty come olservers that the fallout firom the surface weter detonn-
tions was primarily in thz form of & mict or aerccol, This is suhstan-
tiated to some degree hv the observution of the identificetion flags
located on the sea stations after Shot 2. These flags were highly
rad.ioactive, many times more active than the total collectors of the
same station., It is reasonatle to assun~ that a moist fire {allout
would te absorted by the flapping flegs much more easily than would a
dry particulate,

5,6 TINE OF ARRIVAL OF FALLCUT

The primary instriment for determining the vericd over which fell-
out took plece was the differential fallcut collector. Information on
time of arrival wes alsc obtteined from the ganma time-intensity recorder
stationed on How Islend; further information mey re obtained from time-
intensity recorcers operated bty Project 2.,2. Also,limlted evidence of

arrival time is availalLle from *he Task Force Ship's logs and Prolect 6.4.
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R.A.1 Shot 1

Tourteer. di¢ »--r.2inl fallout collectecrs were recovered from
the 12nd ard lagoon sta-iops after Shot 1. Of these, eight had snoanled
nrarerly end the data therefron are presentec in Anpendix C {Figs. C-C
throurh C=16). Of the 4O samnlins increments, Samples 10 and 1), 20
and 21, and 30 end 31 were collected over the seme time interval (see
voints A,B, ard C of Figs. C-© throush C-16.) Tith perfect sampling
these inerements would collect identicnl amounts of fallout and the
reduced data could then be used %o determine not only the period of
fallout »ut also *he rate of srri-sl, However, £s indicated from
incroront groups A,B, and C, the levels of activity varied by as much a-
an order of magnitude, This varirtion was undoubtedly the result of
samnling small emounts of meterial over a small area [or short time
‘ntervelc, This deficlency does not affect the usefulness of the i..-
‘trument in perforting its primery function of determiring the time of
arrivel Fut it does explain the crratic nrture of the curves. Relative
courts of each increrent were mede —with 8 gamma scintillation counter
under fixed geometry. The level 5¢ activity es indicated in Figs. C-©
through C-16 should not be construed as indicative of the rate of arrival
of fallcut meterial,

Several differential fallout collectors that falled to trigger
were analyzed to determine the field backercund of the collecting in-
crements., Ficure C-17 shows the genersl level of contaminetion found in
a non-orerating sampler located at station 251.09 that was exposed to
fallout,

Table 5.6 tabuletes time of errivel period and time of cessa-
tion of fallout within the 3ikini Atoll area. Date collected from Proj-
ect 2.2 and Project 2.58 time-intensity recorder traces are also pre-
serted,

TAsLE 5,6 - Time of Arrival of Fallout

- e
P—— —

;{ Time of | ! Time of

' Station Sampler Arrivai  Period | Cessation

| (min) - {mrin) (min)

| 250.05 Differential Collector . 0 + 20 125 0+ L5

' 250,06 | Differential Collector : O + 25 115 0+ 140

| 250.22 Differential Collector O ¢+ 35 | 60 0O ¢ 95

250,24 Differential Collector | 0 + 25 | 80 0+ 95
251,04 Differential Collector | O + 20 . 125 0+ 155
251,05 Differential Collector | O + 35 90 C + 12¢
251,06 Differential Collector | 0 + 25 | 70 0+ 95
251,10 Differential Collector | O ¢ 40 50 0+ 90
251.03 Time Intensity Recorder{ C ¢ 15 | - -

' Dog (a Proj. 2.2 <0+15 | - -

[ Oboe Proj. 2.2 <0 + 15 J - -

(a) See ~.eference 2 for an account of this project
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Analysis of the gamma time-intensity recorder trace located at How gave
the best evidence of the rate of arrival of fallout.

Use of the differentinl fallout collector and the time-intensity
recorder for determining the period of fallout was restricted to the
lagoon and islards of Bikini Atcll thereby limiting the distance to 15
nauticel miles. The average arrivel time within the area was O + 28 min
with cessation averaging O + 117 min resulting in an averasge period of
89 min. These data compare well with that observed at I 7/ wher- the
period was somewhat less than 2 hr. Residual fallout which war of such
quantity thet 1t contriruted 1ittle to the overall field was found to
deposit for a period of soveral hours after the deposition of the main
bedy of materiel,

The Bikini Ltoll islands along the axis of the fallout pattern
experienced fallcut over a longer period of time than did those 1slands
lccated in a crosswicse direction.

5.6.2 Shot 2

No evidence was found of primary fallout at early times in the
Bikini Legoon. Secondary fallout of maximum intensity of 40 nr/hr '
arrived at How Island 37.5 hr after Sh.. 2, as shown hy the gamme time- H
intensity recorder. -

5+6.3 Shot 3 '

No differertial fallout collectors were operative for Shot 3,
The gamma time-intensity recorder at How Island indicated a time of
arrival of O + 38 min. Project 2,2 ectablished an arrival time on Dog
Island of aporoximately O + 20 min.?%/

5.6.4  Shot 6
One differentisl fallouuv collector located at Alice Island,
Enivetok Atoll, received significant fallout a:d indica‘tad an arrival

time of O + 35 min with ‘he period of fallout teiny 65 min (Fig. C-18).

£7 RATE OF ARRIVAL OF FAL.OUT AND INTEGRATED DOSE

Of the two gamma lcnizetion time-intensity recorders installed
on Yoke and How Islands of Bikinl Atoll, only the one on How survived
end recorded data from Shots 1, 2, an® 3. These deta give accurate
information cn rate of arrival of fallout ~s well as time of arrival.

f.7.1 Rate of Arrival

Ta*le 5.7 presents the time of arrivel of fallout and time of
peak aciivity “or Shots 1, 2, end 3. The time &t which the activity
peek - is not the time of cessation of fallout. It is bert described as
‘he time at which the rate of decay is greater than the rate of bulld-
up of fallout.
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Fig. 5.12 Shot 3, Integrated Gamma Dose, Station 251.03
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TABLE 5.7 - Rate of Arrival of Fallout

Time of |Time to Peak |Time Between Fallout
Shot Station Arrival Activity Arrival and Peak
(min) (min) Activity
(min)
1 How Island 0+ 15 0+ 65 50
3 How Island 0+ 38 0+ 66 28
2 How Island 0 + 2250 0 + 32820 1030
(secondary
fallout) !
5472 Total Dose

Figurec 5.11 and 5,12 indicate the inte,.ated germa dose to a

time apnroximately 100 hr after detonation for Shots 1 and 3.

Shot 2

depocited only secondary fallout on How Island and the data are not

presented.
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CHAPTIR 6

PRIMARY FALLOUT PATTERNS

The extent of fallout documentation ucrder the two orerziional
phases of Project 2.5a was differcnt for the various sanots. bata were
obtained under the lsnd and lagoon phase for Suots 1,3,4, and 6. The
ligoon and islends were not contaminated after Shot 2 and no data were
taken for Shot 5. Although there was some stem fallout vest of tae shol
roint as indicated by th~ trajectory analysis precented in Section 5.5,
the free-flozting sea stations fc~ Shot 1 were luid just teyond tne
westward 1limit of the garma field. Concemuently tae buoys showed taat
inappreciable amounts of muterizl from Snot 1 fell in tue srea canpled.
For Shot 2, free-floatinz stations documented fallout to a distcrce of
50 nautical milec.

A complete analysic of the fallout patierns to a distance of 300
nautical niles is presentcd for 3aot 1. Because of the limited experi-
mental data availalle for tils shot it was not possille te reconstruct
tae contours on tnis basis alone. The ramma field data were surple-
mented by developins an experimental model of tae fallout mechanisn
whica defined the axis of symmetry of tne pactern. Tais addition en-
abled one to conmstruct a complete contour pattern,

Fallout patternz for 3lots 5 and 6 were derived from weter sam-
pling data and are considered in Project 2.7.%/

6,1 TFALLOUT NEAR GROU'D ZERO PCR SHONS 1,3,4, AND 6

To obtain the infinite field ga—ma levels witain the atolls, taree
basic collectinz devices were pleced on the islonds and on the rafts
within the lagoon as follows:

(a) Totel collector - a 7-in. diameter pelyetnylene funnel
fitted to a l-gal polyethylene bottle.

(b) Gummed paper collector - 1 sq ft of Xum-Kleen ecetete-backed
paper stapled te a cardboard backinz surported in e metal tray.

(¢) Project 2.1 f£1ln badges placed toth verticully and horizon-
tally.

By comparing the laboratcry mes-ured levels of germa activity ob-
tained from satples that were collected on islunds with the actuul in-
firite field gamma survey readings, a relztionship was developed and
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erplied to the samles collected at tie lagoon stations, thereby rer-
ritting ectimatior of infinite field levels for those locations, Using
the totzl collector as the primary source of data, ramma field contours
vare thus consiructed. tUhere total collector data were missing, activ-
ity levels obtainzd fronm the gumed rerer collectors were used. Al
data presented are bar>? on tae levels of actiity th-t would have
existed hod the fallcut derocited on an infinite land plene.

Tha fields as indicated ty *he film badges were erratic. Iecause
of poor location of tie film bodmes during sampling and unsatisfactory
history during and ofter recovery, thcse data are not considered in
tiais analysis.

6.1.1 Shot 1

Table 6.1 shous correlation amcne the data obtained by survey
measurements on Likini Atoll anc data oLteined from the total collecu-
ors and gurmed paper collectors locateld thore. A1l measurenents have
been converted to r/ir at 1 hr for compariscons.

Fliure 4.1 is an izodoce rate rlot of ~amma activity over tae
ntoll. There is inlieation of a very cteep gradient from norta to
seuth scress tae lagoon. Tais credient is zlso indicated in the analy-
£is of Shot 1 particle trajectery data z5 illuctrated in Fig. he5e

TASLE 6.1 ~ Shot 1, Gama Tnfinite Tield Levels st Bikini Atoll Converted
to r/ar ~t 1 hr ac Deter—ined bty Various Tecaniques

- ——:

. N Totel Gunred

Stztion | Zode ;Sa:ufed A Aeasurid by rtollector | Paper

Rad Safe | Proj. 258 | naysis Analysis
251.02 ' Wox 1920 | 1390 1630 -
251.03 | .ow 510 i ~90 725 528
251,04 | Love 0 1 45 50 -
251.05 | Han 23 ! 208 264 -
251.04 | Croe | 74 ! L5 51 -
251,07 | Uncle | 2 { 17 12 31
251,08 | William | 21 17 28 26
251.09 | Yoke - - - -
251,10  Zebra 38 2 23 -
250,01 Lagoon - ~ 113 -
250,05 Lrgoon - - 68 112
250,04 Legoon - - - 86
250.17 Lageon | - - - 60
257.18 Lagoon | - - 9.4 -
250422 Legeon | - - 7.5 50
l 250.24 Lagoon | - - 20 L -
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0.1.2 Shot 3

The Shot 3 pattern was well defined bLecause the direction* of
The highest measured
level of gamma activity was 360 r/hr at 1 hr at Station 250.17 (sce

fallout crossed the collcctins array rerfectly.

Tatle 6.2)., Figure 6.2 presents the gamma fallout pattern in

1 hr.

r/hr at

TAPIS 6.2 - Shot 3, Garma Infinite Field Levels at Bikini Atoll Converted
to r/hr at 1 hr as Determined by Various Techniques

-

I/ | A X/ 1 TOtBl
Station | Code ;zgSEZEd RS l ;iasurzd‘uy Collector
vale ! Ojo Yt} Analysis
251,02 | Fox 158 ! - 98
251,03 | .ow 14 | 33 25
251,04 Love 3.2 ; 3.3 3.4
251,08 1:ii111iam Leb | - 8.1
:51010 Zebra 2.8 H 1-1: 4.2
250,01 Lagoon - 1 - 5.1
25C,02 Lagoon - | - Le2
250,05 | Lagoon - | - 107
250,06 Lagoon - 1 - 62
250,07 Lagoon - i - 64
250,08 Lagoon - ? - 33
250.09 Lagoon - ! - Leb
250,12 Lagoon - I - 0.9
250.13 Lagoon - - 1.5
250,14 Lagoon - , - 2.7
250,15 Lagoon - } - e
250,16 Lagoon - ; - 49
250,17 Lagoon - - 340
250,18 Lagoon - - 203
250.19 Lagoon - - 8.5
25C.722 Lagoon - - 7

Gunmer
Parer
Ar.2lycis

1C7
20

1.9

360
201
2.3

6.1.,3 Shot 4

The direction* of fallout limited gamma levels of military sig-
The majority of the
ge area of tue fallout pattern. Figure

nificance to the northern islands of the atoll.
lagoon steations were in the frin
6.3 ard Tuble 6,3 indicate the extent o

1 hr for Shot 4.

b Determined from wind lata.

£ the pamma fallou* in r/hr at
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TABLS 6.3 - Shot 4, Ganma Infinite Field Levels at I'ikini Atoll Converted
to r/hr at 1 hr as Determined by Various Techniques

. | Total I Gummed 1
Station | Code }I{&egsgr;d by .Pe a§ur2drby Collector | Faper 7
ad oale TOJe ©e°8 | Anmlysis | Analysic |
251,03 How 128 300 158 -
251,04 Love 15 26 25 -
251,05 Nan 5 L7 5.3 4e?
251.06 Otoe 0.9 0.8 - -
251,08 William - 0.4 - -
251.09 Ycke - 1.0 - -
251,10 Zebra - 0.9 - -
250,05 Lagoon - - 156 222
250,07 Lagoon - - 1.7 0.9
250,18 Lagoon - - 1.5 -
250.19 Lagoon - - 11.9 1.9
2500 22 Lagoon - - 104 103
Coca Lagoon . - - 5.5 | - ]

601.4 _-'i)_lot 6

A very complete array of collecting instruments was employed
for Shot 6 in the Eniwetok Lagoon and on the atoll islands. Since tae
fallout went in a northerly directlior from cuol point very few of the
stations received significant fallout. The island of Alice, approxi-
mately 3 nautical miles from surface zaro, was contaninated to 45 r/ar
at 1 hr zs indicated in Table 6.4.

The fallout collected was primarily upwind fallout with the
gamma field pattern defined in Fiz. 4.4. The relatively low levels
about, surfzce zero fit w11 witn the overall contours as determined
by Project 2.7.

3

6.2  EXTENLED FALLOY

SLLED FALLOUT PA-TERN FOR S:0T 1

i

The contamination of the outlying atollsl®/to the east of dikint
and the measured values of the levels of residual garma activity follow-
ing; Gnot 1 offered an excellent ogportunity to evaluate the fallout
pattern resulting from a super weayon. A& couplete analysis of Shot 1
fallout based on available field recdings and a compr-hensive analysis
of the wind structure with respect to its effect on particle trajecto-
ries is presented.

6.2.1 leasured Tield Vsl ies of Residual
The mea;ured values of residual gamma activity obtained by
. Scoville, lﬁ were converted to r/hir at 1 nr using tae composite

gumma ionization decgy curve, Fij. 5.3. One hour post detonuation is
5imply a convenient refercunce; as will be noted in luter sections,

30
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TASLE 6.4 -~ Shot 6, Gamma Infinite Field Levels at Eniwetok Atoll Con~

verted to r/hr at 1 hr as Determined by Various Techniques
| N _ Total Gunmed
Station | Code ﬁzssfzig 24 g:a§urzd_by Collector | Paper
° OJe <e28 Analysis Analysis

Alice 26 42 45 -

Ja-net [0.7 5.8 1203 -

Leroy - - 0.13 -

Rancy - 3.3 3.5 -

250,27 Lagoon - - 665 -
250,28 | Lagoon - - 1.7 -
250,30 Lagoon - - 0.6 -
250,32 Lagoon - - 7.5 -
250,33 Lagoon - - 1.5 -
2504 34 Lagoon - - 2.7 -
250. 35 Lagoon - - . 0.2 -
250,36 Lagoon - - L 25 -
250,37 | Lagoon - - ! 1.6 -
250.39 i Lagoon - - ! 0.3 -
250,41 | Lagoon - - i 0.19 -
250,47 | Lagoon - - 0 | -
250,48 | Lagoon - - s | -
250,49 | Lagoon - - 2 | -
250.50 Lagoon - - A i -
250051 Lagoon - . Ce2 : -
250,54 ! Lagoon - - 0.2 -
250,55 | Lagoon - - 0.11 -
250.5¢ | Lagoon - - | 0.13 -
YAC-1 Lagoon - - 0.7 -
Barge Lagoon - - 8.3 -
Cscar Lagoon l - - 0.3 -

fallout first arrived at the outlying atolls several hours after dsiona-
These data (Table 6.5), along with the measuremsnts made witnin

tion.

the Bikini Atoll as shown in Fig. 6.1, represent the available gamma
field measurements used in tais analysis.

6.2.2

far short of completely defining tne fallout patiern.

Daterwination of Experimental liodel - Siot 1

Although significant gama field data were obtained, they fell

\lowever, with

the added knowledse of the axis of sywumetry of ithe fallout rattern,
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TAPLE 6.5 - Shot 1 Residual Garmma Activity on Cuter Isclands

Location Gamna Activity r/hr
at 1 rr
Ailinginae
Znibuk 92.5
Sifo 77
Lokonikaiaru 1C8
Ronzelap
“aen 24,20
Arrik 1950
Lomuilal 1950
Gejen 1950
Lukuen 1160
Eriirippu 14,80
rabelle 1050
Anidjet 737
Enialo 264,
Zoscn 342
Rongelsap 197
Argar 132
Sniran 316
Rongerik _
Bok 770
Latobs ' 385
Mortiovk 347
Rongerik 308
Eriwetak 216
Utirik
Aon 26.6
Utirik 20
Bikar
Bikar Q363

garma field contours were constructed. This inforuation was obtained
by completely analyzirg the wind structure existing at and after saot
time with respect to its effect on fallout particles originating in tae
sten and cloude. To astablish a pattern on this basis it was necessary
to make the following assunptions:

(a) The relative contribution of particles less tian 25 P in
diameter to the residual garma field defining the area of primary {all-
out was negligibtle. e

(b) The particle size distribution is the sanme at all eleva=~
tinns and homogeneous throughcut the visitile dimensiors of the cloud
aad stem. 7Tuhlc assumption was arbitrarily chosen as the vect
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approximation to the actual case. Consideration of the extreme verti-
cal velocities and violent turbulence existing within the cloud before
stabilization makes it appear unlikely that any major fracticnation of
particle size would occur within the cloud and stem at early times.
dowever, any error introduced in the resultant axis of symretry as a
consequence of tnis assunption would be minor because of tane particular
wind situation throughout Shot 1 fallcout. :

(¢) A vertical line froa ground zero to the maxinmum elevation
of the clou’ represents the axis of syrmetry of the stem and cloud.

(d) Tne physical dimensions of tne cloud & i ctem can be
satisfactorily reprecented by assuning they define cylinders about tne
vertical axis of symnetry of the detonation.

The above assumptions defined a simplified model of the Shot 1
cloud from waicn, with information obtained experimentally and the com-
pPlete wind data, the particle trajectorics were calculated and their
points of intersection witia the surface of the earth determined as well
as were particle transit times,

$.2.3 Experimental Data Arplied to 'odel Evaluastion

The following experimental data were used to complete tnis
analysis:

(a) Trom the particle size aralysis of the Bikini Atoll and
outer iclend atoll fallout, (see Section 5.2) it was determined that
the particulate were almost entirely irregular in shape.

(b) The averare apparent density of thece particles was de-
ternined to be 2.36 g/cu cm as discussed in Section 5.4.

(¢c) The size distribution of thae fallout particulate ranged be-
tween 2000 and 254 in diawveter,

(d) The cloud dimensions bota vertical and horizontal were
obtaired by cloud photography.f/

(e) Meteorological deta of the variation with height of both
the wind direction and speed, and the air temperature were obtained
fron tne Task Force Weather Central.

6.2./, Determination of Particle Tralectories

Fron consideration of the above essumptions and aprlication of
the neasured particle data the terminal velocitles of the fallout
particles vere calculated from aerodyramic faliing equatiors, (See
Arpendix E.) The atmosphere was then divided into 5000-ft increments
fron the surrece to 10C,000 ft and tne average wind speed and direction
within these increments was determined. Witu knowledge of the rate of
fall of the verious size particles and the wind vectors acting on these
perticles their irajectories were computed. Particles of 2000, 15C0,
1009, 750, 500, 375, 250, 220, 150, 100, 75, 50, znd 25 B in diemeter
were placed at 5000-ft increments in the cloud model. Each particle
size at each starting elevation was then tollowed tarouch the atmosphere.
Comprehensive use of the gvailable wind data was made in computing the
particle trajectories. Zffects of both space und time variations on the
winds were fully considered. The upper air data from Eniwetok, Bikini,
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and Rongerik Atolls from O hr through O ¢ 6 hr were used. Since the
prrimary fallout was deposited over the aree between Bikini Atoll and ~
Rongelap Atoll within tne first 8 hr, no extrapolation of the wind
data was necessary for these particles, Hewever no wind data after
d + 6 hr were avaiiasble lor tne area beyond the Ronzerik Atoll and a
time extrapolation had to be ured in determining tae winds tnat fixed
the particle trajectories there. In plotting the trajectories it be-
came obvious that particles above 100C p in dismeter would fall very
near ground zero. Consequently, no calculations were made on tne 1000,
1500, and 2000 ¥ particles,

Firure 6.5 shows the terminal points of the 231 trajectories
evaluated. The primary effect of tie larger perticles is eviden: at
distances close to ground zero,

£e2.5 Consideration of Cloud Dimensions -

The maximum lateral width of tae fallout arca wes determined by
expandins each particle's arrival point to the diemeter of the stem or
cloud from which the particle originated. From the cloud photo:raphy
data the stem diameter was found tc ie .6 miles, the stem heigat N
60,000 ft, the cloud diameter 66 miles and the clowd height 100,000 ft '
at 0 4+ 10 min., These dimcnsions were chosen altucugh the cloud con-
timed to exp:nd laterally efter O 4+ 10 min. For simplicity it was e
assumed in taic model that the cloud and stem were cyliinders haing -
thece dimensicns. ~his eviluztion assumes no cloud diffusion with time,
but fully considers shear,

6.2.6 Determination of Axis of Symmetry ol tae Tellout Pattern

Froo Lhe swath of points (Fig. 6.5) the directicn of fallout
vas determined. Since the particle arrival points hud a narrcw spread
it seemed reasonable to construct an axis abou: waich the falloutl was
symetrical. Such a symmetirical fellout pattern results only if the
upper win‘s have the necessary configuration for co restricting the
particle trajectories, The time of arrivel of the particles was elso
calculated, Table 6.6. Some of the calculated trajectories of the smaller
particles starting at high elevationc did not reach the surface until
many Lours after the main Ledy of material ned deposited. These arrival
points indicative of seconcary fellout were not corsidered in the deter-
mination of the esxds of symmetry.

6.2.7 Construction of tae Fallout Pattern

Usinz the established axds nf symmetry of falloul in .conjurction
vita the measured levels of gemma activity on the availsble atolls a
complete fallouvt pettern (r/ar at 1 hr) was constructed as presented in
Fige h.6. This patlern siows the lcvels of fallout tast would exist on
an infinite land plene shouid the basic assumptions used in the defini-
ticn of the experimental model aold. It is important to note that this
pattern was consiructed solely on ccusideration of the gama field
neasurer~nts and the axis of s;mmetry: however, there is otaer suryorting
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evidence availatle from the analysic of the particle trajectories. The
maxirmn lateral dimension of the falloui pattern as indicated in Fig.6.5
agrees well wiih the constructed pattern, The density of arrival points
snonld bte related tn the levels of activity; this offers rurther reason
to construct tue arew. of peak activity to the north of Rongelap Atoll.

4.2.8 Evelustion of thz Snot 1 Fallout Fattern

To delermine tie time of errival of fallout, Fiz. 6.13 was con-
structed base! or the times as deternmined from the particle trajectory
analysis. Incluied iu the analysis wes the effect of the cloud dirern=-
sions. Comparison of this calculated time of arrivel with the reportedé/
time of errival cn the cuter islsnis indicates the validity of the
calculated rates of fall of the particles. Table 6.5 presents tiis
comparison. '

TALLE 6.6 -~ Shot 1, Compaerison of Calculated and Observed Times of
Arrival of TFailout

Distance Calculeted Time Observed Time(a)
(n miles) of Arrival (hr) of Arrival (hr)
14 1.1 1
50 2.1 -
a7 L7 7
100 509 -
12 7.8 8
150 8,9 -
250 13.2 i -
302 15.4 18

(a) Tekern fror Heference 1.

The reliability of the observed “imes of srrival on the atclls
imh~olited by natives sre open to some question becsuse of poor documen-
tation. Taic appears to be especially true of the 7 hr crrival tine
at the atoll of fiengelap. “ne wveather izland of Hongerik st 126 rauti-
cal miles rerorted oncerved arrivel times that compare well with tne
celculated vulucse

An attempt to determire the average period of fallout was made
by eveluating tlie trajectory data as shown in Fir, $.13. Tais was done
Ly obtaining an averege time of cessation of fallout. The rate of
arrivel cf fellout at How Islund caused the majerity of the activity
to e Jerosited early in the total period of fallout (sce Section 5.7).
Cn the basis of thiis otservation the curve indicatins the time of cessa-
tinn of f:llout (Fig. 6.13) was weighted showing the period of fallout
ending before all particulate had arrived. [t is ot tuis time that the
level of gamme activity peaks. Continuing fallcut after ihis time is of
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such small magnitude that decay is greater than build-up.

Another check on the valldity of the analysis using the experi-
men:el model was a comparison of the particle size distribution as
measured from samples collected on the atolls and the size distribution
that would be expected from consideration of the trajectories of the
particles. Table ©,7 tabulates the measured particle size distribution
fourd in samples from the atolls as taken from the data presented in
Chapter 5. .

TABLE 6.7 - Shot 1, lMeasured Particle Size

Smallest Largest Gecmetric

Station Particle Particle Mean

(») (k) (»)

Bikini <25 >10C0 112

Ailinginae 16 172 60
Ronzelap Village 10 126

Rongelap North Ead 16 394 70
Rongelap, Kabelle 16 518

Utirik 6 134 45

The celculated trajectories showed particles from 2000 to 100 p
arrived as primary fallout within the Bikini Lagoon. This fact agrees
very well wi*h the measured size distribution shown in Table 6.7. Con-
sideratiun of the cloud diameter and stemx diameter, in the experimentel
model, on the arrivel points of the particle trajectories indicates
perticles from 150 to 75 M diemeter would arrive at the north end of
Rongelap with the 1imit of the 250 p particles falling approximately
10 nautical miles north of Rongelap Atoll. The steep gradient of
particle size distritution in a north-south line is also clearly indi-
cated from the model study which agrees vell with the size distribution
tound at Ailinginae some 15 nautical miles south of north Rongelap. Alsc
the calculated size limits the particles arriving at a distance or 300
ngatical miles to a maximum dismeter of 75 p a5 compared to a measured
geometric mean slze of 45 W,

The only discrepancy of s.ay magnitude between observed data and
those calculated from the experimental model is that no fallout arrived
at Utirik based on the model analysis. It must be realized that at
this distance the model analys:s is weakest because the wind data used
were extrapolated as beinz constant from O + 6 hr to O + 20 hr, the
latter being the time of arrival of fallout at a distance of approxi-
mately 300 nautical miles. This extrapclation was necessary because no
wind data for periods beyond O + 6 hr was available at the time of this
analysis,

Even better corrslation of measured to calculated particle size
would be obtainzd if a larger cloud diameter were used in the experi-
mental modei. For this analysis the value used of 66 nautical miles
was conservatively chosen; Project G.l cloud dimension data indicate
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the cloud contimed tc grow laterally to a diameter larger than 66
neutical miles at the time of their last rerorted measurement,
0+ 10 min.

The fallout contcurs from this analysis indicate higher levels
of activity 60 nautical miles distant than those existing within 10
nmiles of the detonation point., The pattern is much wider than would be
ovtained by sceling the surfece shot from Operation JAiNGLi. For matters
of comparison surface JANGLE was scaled to 15 MI by the cube root scal-
in- relationship. This pattern is shown in Fig. 6.7 on the same map
scale as the .ot 1 pzttern presented In Fiz. 6.6. Tae resulting com-
pariron is interecting, prim=rily from the point of view of the extreme
variation in the configuration of the two patterns. Justification of
fellout contours of aigher yield devices having little or no relationship
to the scaled JANGLE surface detonetion contours is evidenced in an anal-
ysis of cloud dimensions with respect to yield. 11/ The reference indi-
cates thot & chanze of cloud share takes place with increasing yields
becomins srodually flattened for hicher yields. Tals flattering effect
would indicgte a resulting wider patterr then one would obtain ty simply
scaling the JANGL: curtace datu.

Tais confiruration is also evidenced in the analysis of tac
Shots 5 and 6 fallout patiernc.4/

£.2.9 ilaterial Balance for Shot 1

Two material balances were made on the resulting Snot 1 fallout
pattern. The bgses for these balances vere tneoreticul in one case and
experimental in the other. (See Aopendix F.)

The theoreticsl calculations resulted in 57 per cent of tae
measured yield of the Shot 1 device being acconnted for witnin the
109 r/or at 1 hr contour. Alsc, the tneoretically calculsted ’ractlon

of the device deposited at Station 251,03 was found to be 7.0 x 10-16/sq cm.

The fallout in a total collector located at Station 251.03 was
anelyzed radiochemically and the results showrd 3.7 X 10"16 of the device
was devosited per square centimeter at tais location. Extrapolating this
retio over the fallout patiern after takiny into consideration the vary-
inc levels of activity resvlted in arproximately 30 per cent of thae de-
vice teins accounted for. This value is questicnable because of tae
fragrentery deta upon which it is baczd. However, the two results indi-
cate thet the fallout petter: as constructed for Snot 1 is wituin reason.

Teble 6.2 indicates the average gama activity in r/hr at 1 hr
with resvect to the areas over which these fields existed.

TABIN 6,8 -_Aréﬂs_pf Averape Gamma Activity

r»»—”' A}ég“_ Re idual Averéue Gemma Activity g
(sq. miles I
statute) | (r/ar at 1 hr)
{ 2,0L0 3,800
‘ 2,830 | 2,507
3,360 | 1,500
5,030 750
12,900 300
%)

'\"’ -
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6.2.10 Growth of Shot 1 Fallout Patterr with Time

It rust be realized that the reconstructed fallout pattern de-
scribed in Fig. 6.6 indicates for ccnvenience the leveis of activity t
thzt would exist should all of *“he fallout particulate be down at
0 + 1 hr. Of course, this 1is not the case, for the primary pattern out
to arproximately 280 nauticel niles was not static until some 20 hr
after shot time. Firures 6.8 through 6.12 show the growth of the pattern
with time. The gamnu field levals are those that would exist at thesa
times over a land area. In construction ol these patterns consideration
of both decay and time of arrival as indicsted by Fig. 6.13 were teken
into account.

6,3 FEATENDEL FALLOUT PATTERN FOR SHOT 2

Bikini Atoll was not heavily contaminated after Shol 2 was deton
nated duec to the primery fallout fallinz to the nortn of tue saot point.
Eleven o° the samples from the free-floating see stations recovered
after Shot 2 were evalusted and it was found tiat the main swath of fall-
out crossed over the -tation array. Of ths 11 stations recovered seven
vere in the fallou: nrsa as indicated bty Table 5,9. The total collector
data were reduced und analyzed by Froject 2.6a.

TABLE 6,2 - Shot 2, Gemma Infinite Field Levels Converted te r/hr
av 1 hr as Deternined by Various Techniques

Beerine from ' Distance from | Cimmed Faper Total
, Station | Cround Zero . Ground Zero Collector Collect?r
! (degrees true): (n miles) Analycis Analysis(a)
P J {r/ur) (r/hr)
% 352 l 43 Y100 12C
0, 247 : 2, 0.24 2.0
PA 271 § 34 1.0 0.1
Qz+ 295 ; 34 33 110 |
R, 308 : 3 435 | 40 |
Ty, 337 43 220 { 90
A 347 52 147 90 !
Ds 054 53 i 0 ‘ -
35 075 53 ; 0 ) -
Fs 095 53 ; 0 | -

(a) As evaluated by Project 2.6a.
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The fallout contours consiructed fron toe gumed peper data are presented
in Fig. #.14. Since the data were frugmentary, linited relizbility
should be placed on the ccnfiguration of the contours. No anaslysis of
the pattern based on particle trajectory data aas lLeen attempted.




C.IAPTZR 7

SUMMARY

7.1 GENERAL OBSERVATIONS

The study of thermormuclear explosjons at CASTLE has shown tne fall-
out protlem to be of considerably greater magnitude than predicted.

This demonmstration of the radiolcgical capeblilities of superweapons
makes it imperative that scaling relationships for fallout be derived
which will apply over the antire range of possible weapon yields. A
comron basis of development 1is required if predictions are to be valid
for the now undocumented medium yield runge (high yleld fission--low
yield thsrmonuclear). Such a basis may be found in the changes in
cloud geometry which ere Ymown to occur with cnangzs in yield.

The increased coverage by fallout appears to be due to the flatten-
inc of the source cloud at high yields in contrast to the more nearly
spherical cloud shape of the nuclear model used for tie predictions.

The following general observations may te drawn concerning fallout fron
the more diffuse source:

(a) The extent of land gamma radiation fields of military signif-
icance is increased beyond thal directly attributable to the increase
in yleld over the nuclear range.

(b) This increesse in the area of lethality is the result of e
more even Jdistribution of fallout over a larger area. Stating it
ancther way, reduction of the extra-lethal or over-kill factor extends
the lethal range for fsllout.

(¢) The increased efficiency with which superveapons disperse
radiocactive meterials is to some extert counter-acted by the delay in
errival of fallout from the high scurce cloud end the repid rate of
cecay which occurs in the Interim.

7.2 PLANS FOR TURTHER WORK

Further study of the interaction of these three factors and com-
parisons with model data are expected to reveal tne part .loud geomelry
plays in the distribution of fallout. Correlation of data from all
CASTIZ sources, including the results of water sampling under Project 2.7,
vwill be made using the USNRDL experimentel model., TIdealized gamma

101



,'\"
i oo

isodose and isodose rate contour plots will be developed for the two
types of explosions, surface-land and surface-water, taking into account
the time of fallout arrivel. Comparisons with other models erd with
nuclear data will be carried out and the cloud geometry factor exanined.
The contritution which these upper yield 1limit data make to the develop-
rent of scaling relstionships can then te fully evaluated.

Improvements of and seneralizations on the experimental zodel are
expected tc accomprny the foregoiny analyses. Use of the method as a
tool for forecasiin: primary fallout arpears prenising and will be ex-
plored.,

Additional development and eveluation of data on gamma field decey
v3111 e carried out. Ideelization of the decay curve from 5 to 200 hr
post detonation is expectcd to produce a simplified approdmstion suit-
sble for military plannins and field use. This approximation may reduce
to two straicat line functions on a logaritimic plot, one covering the
period from 5 to 50 hr, and the other, 50 to 5CJ hr. Later decay ic
assumed to follow the normal fission product function.

7.3 SFECIFIC CCNCTUSICKS

_ The following conclusions present evaluation of data on primery
fellout at CASTLE:

(a) Gamua fields from fallout decayed at rates differing from the
t~1+2 approximation cormon to fissicn wearons. The extent of tnis dif-
forence is militarily important over certain time periods.

(b) Fallout from the surface land detonations was in the form of
irrezular solid particulates. The geometric mean particle diameter de-
crecsed with distance from the shot points; for Shot 1 the peometric
nean veried from 112 K at Fikini Atoll to45 p at Utirik Atoll.

(¢) Of the solid particulates studied, approximately 25 per cent
were incctive with their mean perticle size smaller than the active.

(@) The average density of the solid particles from Shet 1 was
2.36 g/cu cm.

(e) Little data were obtained on the nature of the fallout from
over-uater shots. There was some indirect evidence that the fallout
50 nautical miles from Shot 2 arrived as a fine mist or aerosol.

(f) Time and rate of arrival of fallout were documented only with-
in the atolls by Project 2.5a. tlowever,limited results on more distant
islnnls were obtsined for Saot 1. Arrival was characterized Ly a rapid
rise to a peak followed by a decline which, in the measurement of garma
dose-rate, merged imperceptibly with radionctive decay. ‘aterial first
arrived at approximately 1/2 hr after detonation and continued for
1-1/2 to 2 hr.

(g) A contimous 100 hr unshielded exrosure after the detonation
of a 15-T device on land will result in a minimuw free field total dose
of 120 r over an area as large as 25,000 sq mi.

(b} The cdevelopment of an experimental model has provided a r=ans
of recoistructing fallout patterns using limited gamma field data end a
coqprencnsive analysis of the . “teorologicel situation as applicd to
particle trajectories.

Conclusions as to the usefulness of free~-flo-ting buoy stations for
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documenting fallout can also te drawn, Contrary to the results obtaired
at IVY, the epolicability of this method without modification to super-
weapon tests avpears questionabls, Late chenges in the prediction of
winds aloft induced uncertainties in shot scheduling of an unprecedented
nature at CASTLE defeesting efforts to mount eny operations requiring
advanced timinc of the order of 24 to A% hr. Yowever, in one of the two
instances where buoys were in place at detoneiion, valuable and otnerwise
unaveilatle data were obtained. In peneral, modifications of the tech-
nique are indicated prior to use at any future weapons'! test, particu-
larly superweapons,

7.4  RECOMIENDATIONS

Knowledge of the geometry of the source cloud and the manner in
which redioactivity s associated with it has been shown to be of major
importance in the prediction of the fallout. More detailed study of
the cloud geometry factor and of the pvarticulate rnature of fallout at
future tests is racommended. Such studies will require cloud sampling
of some type.

Continuous wind data to 48 hr post detonation with adequate
sctellite station coverage should be obtalned at future tests where
significant fallout is expected.

Re-evaluation of methods for documenting primary fallout patterns
at the Pacific Proving Ground is recormended. This re-evalustion should
take into account the increassed importance of the fallout problem with
reference to both operations and security.
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APPENDIX A

SHOT 4 OPERATION PLAN— BUOY PHASE, PROJECT 2.5a

A,1 PLANS AND PREPARATION

Ships will load at Eniwetok eseccording to the "Union Schedule of
Ever.ts" and be ready for laying operstions by the eve of U-3. They will
proceed late U-2 in time to lay first buoy of COMPLETE ARRAY at 0200 on
U-1, sea couditions permitting. (See CTG 7.3 1ltr ani accorranying chart,)*

A,2 LAVING PROCEDURE, COMPLETE ARHAY

(a) &TF 75 will lay western portion of array, as follows:
P-1 clockwise through A-1; thence to T-2 counterclockrise through P-2;
total ouoys, 11; completion time, 2000, U-1.

(b) ATF 67 will lay eastern portion of array, as follows:
F-2 counterclockwise through A-2; thence to B-1, clockwise through F-1.
Total buoys 1l; completion time, 2200, U-1.

NOTE: For buoy designations, see aczompanzing chart*
"RADIO BUOY ARRAY FOR UNICH, PROJECT 2.5a."

AK.3 LAVING PHOCEDURE, PARTIAL ARRAY

(a) ATF 75 will lay western portion, dropping first tuoy no
later than 1200 U-1: A-1 counterclockwise throuzh P-1. Total buoys,
6; completion time, 2000, U-l.

(vb) ATF 67 will lay eastern portion, dropping first buoy no
later than 1200, U-1: A-2 clockwise through F-2, Total tuoys 6; com-
pletion time, 2200, U-l.

A,4, PROCEDURE FOR_ADVANCEMENT OR DELAY OF SHOT

(a) 1If, on U-3, & 24i-hr advance in shot time 1s announced, load-
ing can be completed and the complete array planted; if & .8~hr advance
is announced loading of necessary buoys can be carried out and the par-
tial erray can be planted.

* Letters and enclosures are not included in this report.
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(b) If placement of either the complete array or the partial
array is proceeding and a 24i~hr delay is announced, buoys alreedy plan-
ted can be ieft to drift into new positions and additional buoys laid
upsireoam at the proper time to round out the arrav,

(¢) If placement of either array is proceeding and a delay of
48 hr or more is snnounced, buoys planted must be recovered, Either
the complete or partisl array may ‘hen be set out as time and circum-
stances permit.

A.,5 RECOVERY PRCCEDIIRES

Recovery operations are cxpected to commence on U day. Each ATF
will recover orn buoys, commencing with stations in probable fallout.
If recovery ships themselves enccunter falliout, they may retire ard re-
cover buoys ir adjacent areas. Every effort should be made to recover
the important stations as early as possible; however, if recovered buoys
produce dangerously high radiation fields aboard ship, it may be neces-
sary to break off and return to Snivetok to off-load. The shivs should
then return immediately to recover remainder.

A.6 MESSAGES TO ATF'S FRQY CTG7,3

The following information should be included in messages to ATF's,

(a) Message to proceed to lay tuoys should specify plan desired
(complete or partial). Project will provide informaticn.

(b) Message to proceed to recover buoys should indicate probable
area of fallout by buoy designation-. Project will provide information.

(¢) Messages to ATF's to modify laying procedures on-site should
ircluie specific recommendations, Project will provide information.

A.,7 MESCAGES FROM ATF'S TO CTG 7.3

(a) Each snip should report ~rog.2sss in laying operations every
L hr., Stations and their positions should be revorted along with the
time of laying.

(t) During recovery, each ship should report progress every 4 hr,
giving time and position, and radistion levels of sample bottles as '
determined by Project personnel aboard,

(e) Info CTG 7.1 on all messages,




A APFEIDIX B

GAMMA ACTIVITY MEASUREMENTS FOR THE TOTAL AND GUMMED

7, PAPER COLLECTORS

TASLE B,1 - Gamma Activity Measurements, Shot 1, Total Collectors

F"‘_*’_ T C — -

Sample | Ft, of Solid Tt. of Gamma Activity |Dete and Time

No, (g) Liquid (nr/hr)  [Neasured (PST)

4 . (m1) | Liquid | Solid

i I

251,02 28,69 i 345 79.6 | 5048 |3/18/54 - 1400
S 251,03 803 | 8.1 | L44.5 | 3/18/54 =" 2400
RE 251,04 5,01 ‘ L 1R | $5.7 |3/18/54 - 1400
yaw © 251,05 1.6 i 6 0.91 | 27.7 [3/18/54 - 1400
B _,'_'/‘.: .
A }
A . 251,07 0 120 0.9 0 |3/18/54 - 1400
; l. .

N | 251.08 1.25 138 0.13 | 1.3 3/18/54 - 1400

’,/ ’ ‘
;?,z,;_\ | 251.10 3.58 ’ 124 0.23 0.9 3/18/54 - 1400
:/' (/; ’ ,
G 250,04 | 0.26 | 40 G.26 | 7.2 |3/18/54 - 1400
'Ai.‘;'?' 1 , '
i 250.05 0.4 | 78 0.58 3.5 [3/18/54 - 1400
! ' .
g 250.13] 0 55 0.13 0.35|3/18/54 - 1400
L 250.22 | 0 16 0.058| 0.31]3/18/54 - 1400
T 250.2/ | 0.21 i 82 0.40 |  0.64|3/18/54 - 1400
//I,, e
AR
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' TABLE B.2 - Gamma Activity Measurements, Shot 1, Gurmed
Paper Collectors

Gate BT | seseren (508

i 251,03 20.3 4/28/54 = 1240

251.07 1.2 4L/28/5L - 1240

| 251,08 1.0 4/28/5L = 1240

| 250.05 43 4/28/54 = 1240

i 250.06 3.3 L/28/54 = 1240

'; 250,17 2.3 4/28/5L = 1240
[ 250,22 1.9 4/28/54 ~ 1240 |

e —e — L. . e -

TABLE B,3 - Gamma Activity Measurements, Shot 1, Gummed
Paper Collectors

oo o | e | R
L S St L
:, 1-5-D, 0.0008 | 3/18/54 = 100 i
1-S-D¥ 0.0012 ; 3/18/54 - 1400 !
1-S-D¥J 0.0069 :, 3/18/54 - 1400 ;
1-S-D%K 0,0021 i 3/18/54 - 1400 i

1 1-S—§WL { 0.0021 l 3/18/54 - 1400
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TABLE B.4 - Gamma Activity Measurements, Shot 2, Gummed
Paper Collectors

Sample } Bearing Distance from GZ | Gamma Date and Time
No. | (Degrees True) | (nautical miles) | Activity|Mieasured(PST)
g (mr/hr) |
LAy ‘ 352 43 1200 {3/27/54 - 1930 ;
o, & 3 5 |3/21/54 - 2045
| P, o 34 20 |3/28/54 - 1820
Q, ’ 295 34 280  |3/28/54 - 0845
R, : 308 36 5000  |3/28/54 --1200
T, 337 43 2200  [3/28/54 - 1300
| Ay : 347 52 1400 |3/28/54 - 1520 |
b o5 53 0 - -
E, 075 53 0 - -
i
Fg 095 53 0 - -
05 115 53 _.?_mdmﬁ.i,-___“_-_‘l
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TARLE B.5 - Gamma Activity leasurements, Shot 3, Total Collectors

f
Vol. of | \t, of Gamma Activity | pate and Time
Liquid ! Solid (er/hr)

Sample No. . (m1) - (g ) ST {iquid Measured (PST)
251.02 | - Po- 300 - L/8/54 - 1000
251.03 | 1785 | O 0 3.28 | 4/15/54 = 1500
251,04-1 ; 1630 | 0.34 0.17 | 0.4 | 4/15/54 - 1500
251.04-2 | 1475 ' 0,34 0.16 | 0.33 | 4/15/54 - 1500
251.04-3 | 2130 | O 0 0.25 | 4/15/54 - 1500
251,08 | 1150 | 2.30 0.27 | 0.42 | 4/15/54 = 1500
251,10 | 325 , 344 0.17 | 0.39 | 4/15/54 = 1500
250,05 | = b 275 - | 4/8/54 - 1630
250,06 | 1665 | O 0 9.92 | 4/15/54 - 1500
250,07 - ;- 150 - L/8/54 = 1530
250.08-1 & 110 | 0.12 3.37 | 3.55 | 4/15/54 - 1500
250.08-2 = 170 "0 0 2.45 | 4/15/54L - 1500
250,00 | 615 O 0 0.59 | 4/15/54 = 1500
256,12 75 0 0 0.1 | 4/15/54 = 1500
250.13 - 245 0 0 0.19 | 4/15/54 - 1500
250.14-1 235 0 0 0.28 | 4/15/54 - 1500
250.14=2 : 320 0 0 0.41 | 4/15/54 - 1500
250.15-1 ; 380 L0 0 0.21 | 4/15/54 - 1500
250.15-2 , 248 | 0 0 0.41 | 4/15/54 ~ 1500
250.16 260 . 0 0 7.32 | 4/15/54 - 1500
250017 | - i - 280 2 412/54 - 3900
250,18-1 | 515 | 2,31 51.8 |134.5 4/15/54 = 1500
250,18-2 ; 560 | O 0 19.3 4/15/5L - 1500
250.18-3 | 365 . O 0 6.94 | 4/15/54 - 1500
250.19 t 938 0 0 1.11 | 4/15/54 - 1500
250,22 | 915 I 0 0 0.92 | 4/15/54 - 1500
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TABLE B,6 - Garma Activity Measuroments, Shot 3, Gunmed Paper

Collectors
~
| Sample No. | Gamma Activity - | Date and Time
‘ (rr/hr) Measured(PST)
i 251,02 165 L/12/5L = 0900
: 251.03 32 4/12/54 - 0900
251,10 3 4/12/54 - 0500
250,05 140 4/12/5L - 0900
250.06 17.7 L/15/54 - 1500
| 250,07 37.9 L/15/5L - 1500
| 250,15 29.4 L/15/54. = 1500
1 280,17 1£5.5 L/1e/54 - 1500
250.1% 0.7 4L/15/5L - 1500
l 250,19 1.06 4/15/5L = 1500
110




8103061100 18100 ¥ 30uS ‘sjusuainseel A3ITATIOV BuUWE) - L6 FIEVL

spoutquod se[duss e8Iyl (®)
00ST - 5/5/5 88°0 0060 =~ 75/9/5 Gt §7€*0 057 L-8300
009T = %75/7/6 €0°1 0 0 LET 9-820)
00T = 75/7/5 ¢9°0 0 0 112 $-800)
0091 = %4/7/$ 9z°*0 0 0 61 7-820)
00T = 7$/¢/$ $z2*0 0 0 52 £-820)
00ST = 7$/7/¢ 8L1°0 G 0 ge g-890)
0091 = ¥5/7/S LZ2°0 0 0 $86 1-820)
00ST = 75/7/5 <o 0 0 gee AT LA T
00$T = 75/7/5 L0 0 0 Fo( 1-2¢°052
00ST - 75/€/5 €6°1 0 0 V(4! 61°092
00ST = %$/7/$ 6€°0 0 0 €eT Z-81°052
009T = 78/7/5| £70°0 0 0 13 T-81°08¢
006t - 75/7/5 720 0 0 822 L0°052
00ST = 7$/7/S €62 0 0 0LE £-50°052 |
0081 = 75/%/9 LYY 0 0 0s7 1-60°05¢2 -
0091 - 76/5/% %9°0 060 - 75/9/5 78°0 EO oLE (8)$0°15¢C
000T = 75/L/S 0€°0 0060 - 75/9/$ 87°0 8°LL 0591 Z=76°15¢2
0091 - 75/7/5 80°¢€ 0060 - %9/4/4 61°0 g1'6 0se 1-70°152
0091 = ¥5/5/5 16°9 00TT = 75/9/¢ 6" w2 $Y7€°0 < v-€0° 15¢
009T - 75/7/5 z8ty 0060 = 75/5/S 0°LZ S Ad0) 7° 11 €-£0° 152
0091 = 78/7/5 797 0060 = 75/9/5 §°ez 2EY*0 7*6 Z-£0° 152
0091 - 75/7/¢ $9°9 0060 = 75/5/S 6°82 v€2°0 it 1-£0°152
nb DITO
(saaypomsvon|  bril | (aayeemswen | Gy (8) () u
eut] pus 3318Qq h#ﬁb.ﬂ#Oﬂ BUWBH euy], pus e38(Q h¢ﬁ>ﬂ90< BULBY) ﬂuﬂﬂom ‘U oHO> 18301 *oN QHQE.QW _
L !
JE—



TABLE B.8 - Gamma Activity Measurements, Shot 4, Gummed Paver

Collectors

. Ganma Activity Date and Time
Sanple Ko, (mr/nr) Veasured (FDT)
251,05 2.81 5/5/54 = 1500
25C.05-1 145 5/5/54 - 1500
250,05-2 115.3 5/5/54 = 1500
250,07 0.54 5/5/54 = 1500
250.19 1.07 5/5/5L - 1500
250,22-1 1.1 5/5/54 - 1500
250,22-2 0.37 5/5/54 - 1500
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TABLE B.9 - Gamma Activity Measurements, Shot €, Total Collectors

Total At, of Gamma Activity

Sample Volume | Solid (mr/hr) Date and Time
No. (m1) (g) Solid Liquid Measured (PDT)
Alice-1 410 - 0 1.95 6/1/54 - 1300
Alice-2 610 0 0.478 | 2,76 6/3/54 ~ 1400
Alice-3 LL5 0 0 0.355 6/1/54 - 1300
Alice-4 460 0.081 | 0.356 | 0,816 6/3/54 - 1400
Alice=5 L50 1.09 0.500 | 2.47 6/3/54 - 1400
Japet-1 332 5.53 0.360 | 0,0984 6/3/5L = 1400
Jaret-2 275 4431 0.328 | 0.0797 6/3/54 - 1400
Janet-3 250 437 0.382 | 0,0621 6/3/54 - 1400
Janet-, L15 0.072 | 0.241 | 0.171 6/3/54 - 140G
Janet-5 465 0.430 | 0.232 | 0.237 6/3/54L - 1400
Janet-6 455 1.35 04424 | 0,220 6/3/54 - 1400
Leroy-1 725 0 0 0.0077 6/1/54 ~ 1300
Leroy=2 720 0 0 0.00579 | 6/1/54 « 1300
Leroy-2 725 0 0 0.00482 6/1/54 - 1300
Leroy-/ 750 0 0 0.00482 | 6/1/54 - 1300
Leroy-5 760 0 0 0.,00635 | 6/1/54 - 1300
Leroy=6 705 0 0 0.00482 | 6/1/54 - 1300
Leroy-7 815 0 0 0.00540 | 6/1/54 - 1300
Leroy-8 705 0 0 0.00500 | 6/1/54 ~ 1300
Nancy 305 ) 0 0.149 6/1/54 - 1300
250.27 593 0 0 0.280 6/1/5L = 13C0
250,28 655 0 0 0.0742 6/1/54 - 1300
250,30 6£0 0 0 0,0282 6/1/54 - 1300
250,32 450 0 0 0.322 6/1/54 - 130C
250.33 455 0 0 0.0685 6/1/54L - 1300
250.34 462 0 0 0.117 6/1/5L - 1300
250.35 450 0 0 0.011 6/1/54 - 1300
250.36 350 0 0 1.11 6/1/54 - 1300
250.37-1 2110 0 0 0.00635 6/1/54 ~ 1300
250,37-2 1750 0 0 0.00715 6/1/54 - 1300
250.37-3 1500 0 0 0.0077 6/1/54L - 1300
250,39 230 0 0 0,0135 6/1/54 - 1300
250.41 935 0 0 0.0081 6/1/54 - 1300
250.47. 875 0 0 0.0C31 6/1/54 - 1300
250,48 1315 0 0 0.0154 6/1/54 - 1300
250.49-1 1520 0 0 0.00635 6/1/54 - 1300
250.49-2 | 1335 0 0 0,005/ 6/1/54 - 1300
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TARLE B.9 - Gamma Activity Measurements, Shot 6, Total Collectors
(Cont,)
Total ¥t. of | Gamma Activity
S;mple Volume | Solid (mr/hr) 3“6 ang('{‘mimg
Oe (ml) (g) [Solid Liquid -easure
250,49-3 1310 0 0 0.00482 | 6/1/54 - 1300
250.49~4 780 0 o 0.0247 6/1/54 - 1300
250.49-5 1085 0 0 0.00425 6/1/54 - 1300
250,49~6 1470 0 0 0.,0077 6/1/54L - 1300
250,50 1225 0 0 0.0164 | 6/1/54 - 1300
250,51 1110 0 0 0.00906 6/1/54 - 1300
250,54 1085 0 0 0.00925 | 6/1/54 - 1300
250455 960 0 4) 0.005 6/1/54 - 1300
250,58 765 0 0 0,00578 6/1/54 - 1300
Barge-1 1115 0 0 0.146 6/1/54 - 1300
Barge-2 1140 0 0 0.27 6/1/54 = 1300
Barge-3 1010 0 0 0.0151 6/1/54 = 1300
Barge~4 1050 0 0 0.139 6/1/54 - 1300
Mack-1 1915 0 0 0.0338 6/1/5L - 1300
Mack-2 1528 0 0 0.0278 6/1/5L - 1300
Oscar-1 710 0 0 0.0117 6/1/54 - 1300
1Y/,
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APPENDIX C

PARTICLE SIZE DISTRIEUTION AND PERIOD OF FALLOUT DATA,
SHOTS 1 AND 6
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C.9 Shot 1, Time of Arrival and Period of Fallout,
Station 250.05 (A,B, and C as in text p. 69)
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APPEIDIX D

FALLOUT PARTICLE DENSITY, SHOT 1

TABLZ D,1 - Differential Fallout Collector 250,04

. |
Sample Samx.alin%tTime Density D;ve:ige YActivity| Date Color
nin after R ameter

No. 8D I(g/cu cm) ) (c/m) |Counted

1 25 2.28 1,80 £3 7/20 |white with
orange tinge

2 40 2.05 1020 3l 7/20 |white
3 40 2.54 900 86 7/19 |greyish white
4 50 2.2/ 580 89 7/20 |white

5 55 2,22 730 230 7/20 |white
6 75 2.42 1060 110 7/19 |gray
7 80 2426 810 230 7/19 |white

8 85 2,52 350 21 7/20 'white

9 90 2452 75 L7 7/23 . white

10 | 95 2.18 675 502 7/20 |white

11 ! 100 2,17 550 66 7/19 |white

12 105 2416 500 40 7/21 !white

12 110 2424 630 0 7/21 ‘iwhite

1 125 2.19 590 105 7/21 white

15 130 2,41 540 64, 7/21  white

16 135 2,22 260 19 7/21 - white

17 130 1.78 490 13 7/19 iwhite

18 140 2,18 350 | L, 7/21 iwhite

19 140 2,35 590 | 84 7/21  |white
20 140 2,21 530 231 7/21 white
21 145 2,23 310 34 7/21 jvhite
z2 145 L 2,40 480 36 7/21 iwhite
23 145 2,04 650 106 7/21 lwhite
24, 150 2,38 340 61 7/22  |uhite
25 160 2,27 1 380 64 ' 7/22 {white
26 160 1,94 700 99 | 7/23 |white
27 160 ! 2,38 525 62 7/23  |white

28 165 1.65 620 66 | 7/23 white
29 165 2.10 375 2 | 7/23  Iwhite
30 170 2,67 570 13 | 7/19 !vhite
31 175 2,32 325 i, 7/19 |white

2 185 2,20 | 325 24 ’ 7/19 |vhite
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TABLE D,2 - Differential Fallout Collector 250.17

‘ Sampling Time Average]
Sample Density |..~ Y Activity| Date
No. (minAggger (g/cu cm) Jiﬁﬁster (¢/m) |Counted Color
\
1 5 .42 800 61 7/28 grayish
2 10 2,52 820 461 7/28 wvhite
3 10 2450 830 13 7/28 | white
4 10 2.39 460 26 7/28 vhite
5 15 2,22 330 163 7/28 vhite
EEEE IR AL -
* - gl.at‘/’
8 25 2.51 480 _7 7/29 gray
9 35 2455 360 38 | 7/29 | gray
1C 40 2,46 260 0 7/29 gray
11 40 2455 1750 20 7/29 white with )
; brown tinge !
12 ! 40 2.52 480 0 | 7/29 | white 5
13 45 2eld, 680 5/, 7/29 | white
TR TRE- N Rl A
o W -]
16 50 2,36 610 0 7/2 white
17 50 2454 320 0 7/28 vhite
ig 58 2.3& 900 127 7;29 white
5 o 440 4 7/28 white
20 50 2,38 640 0 7;28 white
1 95 1,95 560 0 7/28 white
22 110 247 600 10 7/28 white
23 135 2447 530 13 7/28 white
24 135 2449 770 5 7/28 | white
5 160 24,45 300 17 7/29 | white
L_§6 175 2,34 470 2928 7/29 white
135
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T4LBLE D.3 - Differentizl Fallout Collector 250,24

Sarpling Time . Average Fata
Samble | (nin after (D;mny) Dlagieter YA?}‘%W Countoa | CoLoF
Oe ABD) g/cu cm (Pn) c/m oun
1 5 2,11 420 0 7/22 vhite
2 10 2.40 980 0 /22 vihite
3 15 2,38 425 0 7/22 white
4 20 2,22 240 26 7/22 vhite
5 25 2,75 275 12 7/22 white |
) 35 2.65 675 160 7/22 white}
Lo 50 2,62 1410 146 7/23 vhite
8 60 2.46 335 0 7/23 white
9 65 2.28 220 0 7/23 white
10 65 2,54 535 33 7/23 vhite
1| 65 2,55 440 2 7/23 white
1 65 2,60 340 43 7/23 white
13 65 2.59 250 65 /23 whits
1/ 65 2..8 250 YA 7/23 white
15 65 2.36 590 141 7,/23 white
16 80 2.58 200 7 7/3 white
17 90 2.45 270 31 7/23 white
18 150 2.C5 310 24 7/23 white
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ArcruX B

PARTICLE FALLING RATES

The determination of the fcllin rates for the faliout particles
war wade by initizlly ccleulating the terminal velocities tor purticles
at virious altitudes., A sclected renge of pirticle diureters vas used
in meking there crlculations. The diareters considered wvere: 10, 2%,

50, 75, 100, 150, 200, 2¢0, 375, £CO, 750, a.# 1C00 B. Terminal vel.o-
cities for thece particles were celculated for storting =ltitudes at
5000 ft incremente from O to 100,000 ft. From these duta the averice
retes of full of the ;articles taroush £000 ft increments of the atros-
phere were determired.

The calculation of the terminzl velocities involvei the uce of
knovn laus of =ettling of cusrended rarticles from geses. The ty-ec of
flov vwhich there perticles underge wrs dividea intec three regions:
streumline, where vircous forces jredomintte; intermediste; unG turtulent,
where irertis forces predominate. In simplified form, the laws govern-
ing there typers of flow are:z/

Streamrline rotion,

vy = kg (E—£2) a? v~? (E.1)
P

(o}
Intermediete rcglon,
Y =

K1 (p = F’O)Z/3 V’l/Bdo (8.2
o
m
Turbulent region, - (P' pg)l/Z al/= (E.3)
Po

vy = terminal velocity

K = constant, for irresulor qusrtz particles:
KS = 36, K1 = 17,2 ard KT = 50,
P - dencity of the particle
3 = dencity of the fluid
d = true dizmeter
I

= kirematic viscosity = -5
v - Po
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= absolute viscosity of the {luid
do = d - §4d!
- 00279

- 3.3[ b2 11/3 = liwiting diame-

g Po(p-lg ter to which the
streanline law
applies

€ = acceleration due
to gravity

The values for K, Kp and P were given as determined for irregular
guartz perticles, which for this application i more suitable than those
velues given for spherical particles, The wilue of Ky was determined by
solving the Eqs. E.1 snd £.2 =t the point of transition (85 B) from
streamline motion to the intermediste region.Z/

The density of the particle was determired experimentally for
sctusl f.llout particles collected in the field (see Section 5.4). The
densityﬂfof the air and the viscosityl}/of the air which is temperature
aependent are shown in Teble E.l. The values for the viscosity are
based on temperature measurements tcken in the Bikini area at Shot 1
time by the Task Force esther Cential, Temreriture data were not taken
for altitudes above 50,000 ft, so the temperzture above that elevetion
wes arsimed to be isothermal.

Since choice of the applicuble equation is dependent upon the type
of motion experienced by perticles fullinyg throush air, it was necessary
to determine the limiting diameters to which the vuirious lawvs apply. The
exprescion for the limiting diameter to which the streamline law applies
wvas given above, The expression for the intermediste reglon,

a = 43,5{__.2_2___]1/3
£ PP-R)

N
§

Q.

was availavle from another source,®/ The calculated velues for the limit-
ing verticle diameters at different altitudes for the two types of motion
are :lotted in Fi;. £.1, These plots define the areas in which the var-
iovs equations for the uetermination of terrinal velccities are applice-
ble, It is seen thit for some of the particle rizes conrsidered (1CO0, 150,
200 B) the terminal velocity calculaticns follow the intermediate law to
the altitudes indicuted snd beyond th:t the ctreumline law, also, for the
purticle sizes considered from 250 to 1000 bk in diuzster, it is evident
th2t the intermediate law only governs the “erminal velocity determina-
tiOnS .

When the denrity of the fluid is small as compored to that of the
purticle, the buoyuncy corrcction becomes negligible and Eq. 1,1 takes

the form, Ks pd2

B

Since the temper .ture above 50,000 ft was assumed to be isothermal, the
viscority of the air remains coust. nt and the terminal veloclity is pro-
portional to the squsre of the diameter, Thus for a given particle

Ym
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rt o 0.1 - Viccosity, Terter ture cnd Density of air ut V.rious

. altituies _
i altitude | Jexd ! Vi:cosity(ﬂ) Jenn;ty(b) !
i» (ft) (°¢) ! (poisc) g/cu e ‘
; o | f6.1% | .03 x 20 | 1074 x 107
‘ 2000 21 1.79 11.50
Q LCCO 16.4 1.75 16,70
6000 12.8 1.75 19.C0
l 8C00 13.7 1.75 9.4
: 1C000 Q.1 1.72 5.8
t 12000 5,1 1.72 8.3
? 14000 2.7 1.7 7.8
! 16500 | -1.9 1.7 7.3
l 18000 | AR 1.68 6.8
25000 2,7 1.65 6,40
75300 -1¢.3 1.63 5,5
30000 -31,8 L 1.56 4.7
. 35000 -/ .2 f,s 3.3
| zoowo ! 56,7 | 1.5 3.05
L5000 | 67.8 1 Ll 245
1,000 =787 | 1.34 1.95
€600 -30.4 1,34 1.55
HoCCO | =20.4 b1.34 1.20
65CO0 | 0.4 . 1,34 0.0%%
70000 %0,/ 1.2 0.76 i
75000 -3,/ 1.34 Q.60
, 80000 1 =20, lo1.30 0.4%
' 25070 -20.4 C1.32 CJ37
30O =30.4 ! 1.34 0.30
! QEC00 -20,4 | 1.3 0.24
, 10000 | -80.4 | 1.24 0.19

(a) Sev¢ Aefer.ne=s 13
{b) cee idefrrence 3

Giceter the terninal veleocity cecores corstant atl a crrt.in cluvation;

5 ie eleovation is derendent on the vurticle size as shovn in T.ble =.2.
The coleulated ve.lues for the terminsl velocitics wre tabuluted

in Table 2.2 ond the averz;e rates of £u1) wre tetul.ted in Juble el
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APFENDIX F

DETERMINATION OF MATERIAL BALANCE FOR SHOT 1 FALLOUT
PATTERN (r/hr at 1 hr)

In determining the mrterial htalence for a riven fallout pattern,
it is necessary to relate the amount of activity acecunted for ~ithin
the fallout contours to that protuced in the detonstion,

The pamma field surveys of the outer islands were made from & to 10
days after Shot 1., The followins meterial balance was calculated for
time t = O # S ¢ezys, Selection of this time elimirated the introduction
of eny poscible errors due to extr:~oletion of the field meesurements ‘o
early times. Furtherrore, experimental data on the gamma energy spectrum
were avuiletle for this time period.

F.1 DER CENT OF DEVICE ACTIVITY AT TLVE (t}

Let Y, = totel No. of photens/sec at time (t)
F = fission yleld of the device in KT
A = Yo. of fissions/KT of yield
N, < d/s/10%fissions at time (t)
r, - beta particle to gemma rhoton ratio et time (t)
then
'It = Fa 1::‘ x 107 rhotcns/sec

F = 9000 ¢ 1000 KT
A= 1.5 v 1023

K = 4.93 x 10~°

‘t 4«23 %

r = 0045
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Cemputaticu of il was made for Shot 5 at 0+ O days.é/ Consicderat.ion
wasomade °£ the contribution from fission products as well as that from
U232 and U237 induced activities. Since the capture to fission ratio

for Sho* 1 and Shot 5 were nearly thc same these data were assumed reason-

ably volid for Shot 1 calculations, Similarly the beta particle to
garma photon ratio calculated for Shot 5 at C + 9 days was used in this
evelustion.t/

Therefore,

Y, = {2x 1c3)(1.5 x 10233(4,03 x 10-3)(1074)
0,45

Yt = 1,47 x 10?1 photon~/sec at C + 9 days.

F.2 RELATIOI OF DEPOSITED ACTIVITY TC GAMMA FIELD AT 3 FT FOX AN
INFINITE CONTAVINATED PLALE

Let I, = radietion intensity in r/hr at time (t) 3 ft ebove an
infinite contaminated smooth plane

K = a constant vhich includes the air absorption ccerficient

A, = deposited activity in pe/sq cm et time (t)

Et - =averare garma source erergy in Mev/disintegration at
time (t)

It - K}ntEto
Let B = dose *uild un factorf/or the ratio of the (ose from all
photons to that from unscattered photons
R = source energy decradation crused by roughness of the
planelQ
then,
[}
= KA E B [3
I, (k& E )(E)(R),
where
1
I : rediastion intensity at time (t) in r/hr at 3 ft as

t measured in the field
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or

1
At = —._h__ he/sq cm;
K Et B R

however,

photons/sec/sq cn = {be/sa er)(3.7 x 104)

Ty
and
L}
E, = —i
Ty
where
1}
Et = averepe gerra energy in Mev/photon.,
Therefore,
(I')(’ 7 x 104) 3 oh 1.
A, = 't ey = 27 x'l 1t photons/sec/sq em,
(K)Ey/ry ) (B)(R) (ry) KEgBER
!
Let I; = 1r/hr at 0 + 9 days
K =012 (ref 7)
B = 1.5 (ref 6)
R = 0,60 (ref 10)
E; = 04344 Mev/rhoton at 0+ 8 days,

The value of the averape garra energy was experimentally determired
from a Shot 5 sample at O + ? days.,%/ The janma spectrum experienced

little change over the period 0 + 8 to O + 10 days and its applicability
to Shot 1 calculations has heen indicated.*

"h' f
Tharefore, . (3.7 % 104)(1)
t (0.12)(0.3443(1.45)(0.60)
A, = 1.03x 106 photons/sec/sq cm at 0 + 9 daya

# Private commurication from C.S.Cook, USHRDL
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or

1 r/hr at O + 9 days is produced by sn infinitely Eontaminated
plane of unifornly denosited activity of 1.03 x 10- photons per
seC per sq Crm.,

F.3 CALCULATION QF I'ATERIAL BALANCE

e

The fellout pattern was evaluated out to the 100 r/hr at 1 hr
contour by measuring the areas between contours in sq cm and assuming
the arithmotical average of the perinheral contours as the averagc level
of activity for the area segment batween the contours. There 1s some
N indication that the average velue of activity between ccntours is not
) arithmetical, However, existing field data do not indicate any one
/ coritinuous function that describes it precisely. LlLaterial balance data

for Shot 1 are given in Table F,l.

. TABIE F,1 - Material Balance, Shot 1

3 [ [—

'Eogkéars concidered Avercpe levels Area Total rate
: in determination of between contours (sre ) (ohoto s/sec)
:, areas (Fig. 6.6) at 0+ 9 days q cm p n
d (r/hr at 1 hr) (r/hr)
3bOC to cediéf of 20
pattern 3.42 5.3 x 1013 1.87 x 10
2000 to 3700 2.25 7.5 x 1013 2.2 x 100
1000 to 2000 1,71 1.0 x 10% 1.76 x 10%°
ol
500 to 1000 0.9 1.56 x 10% | 1,38 x 10°°
:‘ 100 to 500 0.242 3.35 x 10% | 1,18 x 10°0

Therefore, within the 100 r/hr at 1 hr contour 2.39 x 1020 photons per
sec are accounted for at O + 9 days.

£,39 x 1020 = 0.57
1.47 x 10~
Thus, 57 per cent of the device activity is accounted for.

F.4 FRACTION OF THE DEVICE COLLuCTED IN TOTAL CCLLECTCR, STATICN 251,03

A radiochemical armlysis%é{on the fallout collected at Station
251,03, where the gamma field reading was 1 r/hr at 0 + 9 days1 yielded a
value of the bomb fraction over a 1 sg ft area to be 1.3 x 107 3. This

1.6
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Ak

value waa obtained from a total collector sample and must be corrected
for collector efficiency which at this dose rate was 43 per cent (see

Fig. 4.1). Therefore, the experimentally daterminsed bomb fraction per
square foot for a gamma field of 1 r/hr at 9 days equals

; -13 =13 -
! 0 :3;0 =3.45x 10 /sq ft= 3,7 x 10725/aq cm,

Since 1 r/hr a§19 days 1s produced by 1,03 x 10% photons/sec/sq cm and
Y, = 1.47 x 19 photons/sec/sq cm the calculated fraction of the device
at this station is

1,03 x LO6

57 C 7.0 x 10"16/sq cm.
1047 x 10
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APPEIDIX G

STATION INSTRUMENTATION

TABLE G.1 - Shot 1 - Lagoon Station Instrumentation
= _-::::1
Station| Total |Differential}gumed Film‘f'l‘riple (a)
Code |[Collector “ Fallout Paper |Badge|Collector Remarks
Collector
250,01 Not set out
250,02 x(b) X x | x X |Chemical Corps reft
present
250,03 X X X X X
250.0. X X X X X Chemical Corps raft |
present |
250,05 X X X X X Chemical Corps raft X
present ?
250,06 X | X X X X {
250,07 X X X X X i
250,08 X | X X X £ Chemical Corps raft
! present i
250,09 i LASI, and Chemical i
Corps rafts present
250,10 X X X X X LASL raft present ‘
250,11 X X X X X i
250,12 X X X X X Cherical Corps and
two LASL rafis oresent
250.13 X X X X X Cheanicel Corps and l
two LASL rafts present1
250,14 X X X X X
250.15 1 X X X X X
250.16 NRDL raft missing
250.17 X ‘ X X X X ‘
250.18 X i X X X X
250.19 i NRDL raft missing
250,20 NRDL raft missing
250.21 NRDL raft missing ‘
250.22 X X x | x X \
250,23 NRDL reft missing |
250.24 ¢ X X X X X 1
250,25 | X X X X X ;
250,26 X X X X X Located on reef between:
! WilliAQ;ggg_goke
(a) For Project Z2.6a.
(b) X indicates instrument placed.
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Ta3lh 5.3 - Shot 1 - 1o ocn stution decovery

Stution| Tetal Ulfferﬂntlll?bUﬁL?d Film e 1p1e(“) g 1
Code |Collector| ~allout . saper vuug Collector | Renarks '
Collector | i
|
250,02 \ ' %%aft demolirhed !
250.03 ) '&“ft niecing i
250.C4, % (v) X N | ()14 ciel E
i . not closei §
250.05 i 3 HD S {69 ks | (a)1da cia 5
i rot close!
250.06 X X ‘ p (3)x6 (X)Iid 2id]
. not close|
250,07 ' \ 'Aaft missing
250.08 | g  Raft cissing ‘
2£0.09 ! : |Cherical Corps «nd Ll -
l i | rafts precent
2£C.10 ! oL rofi upside down
t ! LuSL deck snuched
25C.11 . i Rzft uneide dovn
250,12 5 ' LaSL roft decks troken
: LWL it ouneide Jor

: ! Chez.Corys .,ft proeont
250,12 l . ' (Lall raft ook erm-ochol

| ! ; ERRIDS r:ft upcide down
% : | ChemlCorps reft procunt
|250.14 ' ‘Raft uxride dovn

L5715 % ‘maft opside doun
720,17 | lissing X SR IVAREYS %
25C.18 | , Stetion not .repzred
27002 L - ' X ¥ s @)Lid atd
| ’ | ~ not .close
2£0.24 | X% b % | (s (X)1dd did,
1 ‘ not close.
250425 | hY |0id not work X (W)i0 X i
2£0.26 | | i l {ant upside dovn i

(x, For fraject 7 2a,.
x4 adicatos iarctrument recovered,
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___TABLE G.5 - Shot 2 = Lagoon St&

tion Instrumentation

Station Cod

200.02
250,04

250,05
250,06
250,07
250,08
250.09

250.10
250,11

250.12
250,13
250.14
250,15
250.1€

250,17
250.18
250,19
250.22
250.24
250425

!

i
e

Total

, Collector
DS

x(z;)

MM

Lo

bd MBS DDA PE B D4 DA D

Gummed
Paper

pA

R Rl

N Rl e 4

PR R Rl

—

|
1

l
|
1
‘.
l
l

(8} ¥ indicates instrument placed

152

Film

Pzack

tMNNNNN IR Rl o > >4

Remarks

Suoy

Buoy missing
25 March
Buoy and reft
Buoy and raft
puoy

Buoy

Buoy ancé raft

missing 24 karch
Buoy and 2 rafts
on reef 2/ March
Buoy and raft, ¥
boat ran down huoy

Buoy and raft
Buoy and raft
Buoy and raft
Buoy and raft
Buoy neer Coca
2/, March
Raft

Buoy ard ralt
Buoy

Puoy and raft
Pucyr and raft
Buoy end raft

]

|
|
|

!
|
|
|

|
|
!

[
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TABLE G.7 -Shot 2~ Legoon Station Recovery

|

250,25

- .

i

i Station Total Gummed Film
Code Collectors Paper Pack Remarks
250,02 Buoy missing
250.05 Raft OK
1 250,06 Stations OK
250,07 Replaced mast on buoy
250,08 Buoy missing
250.190 Buoy OK, raft turned over
250.11 Buoy OK, raft turned over
250.12 Buoy CK, raft turned over
250,13 Buoy OK, 1 raft upside dowm,
i other OK
i250.1£ : Stations OK
250.15 | Buoy OK, raft upside down
250,16 ! Buoy CK
250,17 | Raft OK
250.18 ! Stations CK
250,19 Buoy OK
250,22 | Raft OK
250,724 Station missing
; Station missing

All the equipment in the legoon was left in place since no fallout was

received,

A1l buoy masts were broken,
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TABLE G.8 - Shot 2 - Island Station Recovery

——— oI

Station Total Gumed | Differenmtial feyjn | rripe(s)
Code _.-EEEE?EFO# | raper Coliector Pack Co%}?cﬁors‘V-A
251.02 Derolished () ®ipened !
Did not close!

1 251,03 (X)n62

2£1.04 Did not operate ! Did not open !
1 251,05 Did not operate i ;
' 251,06 (X)p2 | !
;251.07 ! X :
| 251,08 X ;
251,09 | | ,'
251,10 ,(x)N63J ]

All the samples were left in place ac no fel’out collected except for

film bidges s+« noteAd,

(a) For <roject 2,.6a,

(b) > indicates instrument recovered,

__TabLE G,2 - Shot 3 - Lagoon Station Instrumentstion

Stetion Total Gumed ! Film Remarks 4]
Code Collector Paper ! Pack 4
e LoTTEIT R L —_— —
. 250,05 x() X X Ruft and buoy {
250,06 X X X Buny and raft
250.07 X x ! Buoy
250,08 X X Buoy !
220,09 X | Chen.Corps raft
250,10 X ; X X Buoy and raft !
280,11 X : X X Buoy and raft 5
280,12 X ; X X Buer and raft
250,13 X i X D ¢ Buoy and vaft
250,14 e ; X D Buoy ¢ni raft
, 250415 ‘ A h X 2uey and rzft
t 250,16 : .4 X X Buoy
i 250,17 | X ; X X raft
. 250.18 ’ X CX X | Buoy and raft
. 250,19 | X i X X ! Buoy
P 250422 l X ‘ X ¢ Bucy and raft i
LgﬁCoca 1 X 7 X B

(a) X indicates instrument placed.

155



TABLE G,10 - Shot 3 - Island Station Instrumentap;pq

- —

- e —— e —— . 4

Statlon | Total |Gumed | Film |PHTSReRAEl |npype(a) |
Code Collector | Paper | Pack Collector Collectord
251,02 x(b) X | X
251,03 X X | X X
251.04 X X X X X
251.05 X X X
251,06 X X X X X
251,07 X X X X
<51.08 X X X X
251,09 X X X
251.10 X X X X Llectrostatic
Precipitator
placed
(a) For Projest 2.6a.
(b) X indicetes instrument placed,
TABLE G,11 - Shot 3 - Lagoon Station Recovery
Station Total Gurmed Film
Code Collector | Paper Pack Remarks
250,05 x(a) X Raft and buoy
250,06 X X (x)p-8 Raft '
250,07 X X Buoy
250,08 X Buoy
250,09 X Chemical Corps raft
250.10 Missing
250.11 Raft turned cver, buoy broken
250,12 X (X)P-12 | Buoy mast broken
250,13 X X Raft
250,14 X X Raft
250.15 X X Raft upside down, buoy OK
250.16 X X Buny
250,17 X X X £t
250,18 X X Reft and buoy
250,19 X X Broy only
250,22 X De st royed
Coca X

(a) X indicates instrument re~overed,
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 TASLE 4,12 - thot 3 - Island Stotion Recovery

h

! T ‘ B ] ‘ Sl T
E Stotion Totzl  swmed | Film ! Triple(2) !ugfi;‘entmq omarks
| Code Collector Faper| tack ' Collectors | 2 ou | emards
| ' . Coilector
i__ ..... W emi e o e [N ooy IUTIT I l : -__.!
' 251,02 x(®)  x | 1 :
' . : ! i
751,03 X 7 idrsing () Opened - ' '
:Did not close l
H i
i ‘ ! :
251.04 X Torn (X)N67 | X : i ;
! :
- ‘ i
251,05 (x)wo i
751,06 (38 (x) Opened C¥ Did not :
Did not close lio samzles  recover i
761,07 ()irze
251,08 X (x):16 ok
, o rumyile
H I v
51.09 (£)uLS ! Ltotion |
ruined :
771,10 X % (»)uLs, A (»)CK Recovered
: nlectro-
' © static
| { : ]Arecipitator
L i . ' i .. O S

(#) For rroject 2.6u.
(b) i indicz.es instrument recovered.
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TABLE G,13 - Shot 4 - Lagoon Station Instrumentation

Station
Code

Total
Collectors

Gurmed
Paper

Film
Puck

250,05 | x(a)
250,06
250,07
250,08
250.12
250.13
250.14
250.15
250,16
250.17
250,18
250.19
250.22
Coca

BRI i

R,

Dd b Bt b bd Bl B D B D D B 3 B4

X

RS

() X indicates instrument placed.

TABLE 4,14 = Shot 4 - Icland ttation Instrumentation

I

Station | Total Gmmed | Filn {Triple(a) fﬁi£§e§ential
Code |Ccllectors | Feper | feck |Collectors | Fallout femcrks
| | Collectors
251,02 x (b) X I X | Removed
251,03 X Y | X X } A
251.04 X X D ¢ (X) Wired X
cpen
251.05 X X PX !(X) wired ! (x) llot oper-
’ ‘ cpen ating
251,06 X X X (x) wired X
! | open
251.07 i Not set up
251,08 X robox (3) liot oper+
i ating
251.09 X b X Removed Removed
251,10 X X X X X i
(a) For Project 2.be,

(b)

X indicates instrument placed.
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TABLE G,15 - Shot 4 - Lagoon Station decovery

vguen | tout T ogmed | o nex| e

250,05 x(a) X (X) NL-10 | Buoy end raft
ug, 33

250,06 Station missing

250,07 | X X

250.08 Station destroyed

250.12 Station missing

250,13 Statisn missing

250.14 Stution missing

250.15 Station missing

250.16 Station micsing

250.17 | Missing Destrored | (X) U38-U39

250,18 i X Mirsing | (X) U28-U37

250.19 X X

250,22 X X (x) U35-U16

Coca X X () u, W9

(a) X indicates instrument recovered.
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(Shot Cancelled)

TABLE G,17 - ECHO Lund end Lagoon Station Instrumentation

)
T3 f oo ront '

smnmﬁ”ﬁiﬁiﬁfﬂ Triple(8) | Low Film | Hizh Film | Total | Gummed

| Code Collector Collector back Pazk Collector | rtaper
e

* LAID '

i Irene % ()

, Bruce X

| Yvonne X

- Wilma X

" LAGCCN

. 250,27 (x)s34 | (x)ss X X

1 250,28 (x)s36 | X X

| 250.30 . (1)s24 - X X

1 250,31 e o(X)333 X X

$ 250,32 1 (x)s32 @ (X)s6 X X

1 250,33 } (x)331 © (x)37 X X
250.34 x) 2 |

250.35 X (X)s37 X X

250,36 4 (x)s35 | X X
250,37 i !
220,38 , (X)316 !

250,39 X c (X)s40 T (X)s9 X X

250,41 : Po(X)s17 X X

| 250.42 e X P (n)s28 X X

| 250.43 ﬁ | ()26 (n)e2 X X

250,44, | bo(x)s23 1 (x)s3 X X

| 25C.45 1 I (X)s15 | X X

| 250,46 | | o ()se LX X

L 25C.AT ; C()s22 X e

1 250..3 | o | (xis29 s X X

1250449 ¢ X | X I (X)s39 X X

250,50 | o(X)s41 0 (¥)s1 % X

L 250,51 | ! ; E

250452 ez L ()8 X X

i 250,55 X fo(X)e21 X X
250.57 | | (x)s14 X X

280,58 | L (X)s12 X X

' Tok | | (x)530 X X

|lack | b (X)327 X P

| 9scar ; | (X)s25 . i X

(a) For :roject 2.6a,
(b} X indic.tes instrument plzced.
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TABLE G.19 - Shot 6 - Lagoon Ctaticn Recovery

. ot
Station! Total |Gummed |Film [Pifferentisl Triple (&) esark
Code |Collector| faper |Fack allout Collector Earks
Collector
250,27 x(®) | x X ividence of burning
280,28 X X X
250,30 x ldesing] X
250.31 Superstructure on
raft missing
250,32 X idssingl X Evidence of burning
250,33 X X X X
250.34 X i A
«£0.35 A A X
2E0.36 % ti-eingt X
250.37 X X )3 Did not Raft drifted to poui-
operate ‘ tion on reef 2 mi N4
of Leroy
250.38 | Raft aissing
<50.39 X X x ‘
250,41 | X X % ;
28C.42 ; |Raft on reef -
I ! inaccessible
250.43 'Raft missing
250,44 | X X h '
250,45 | Raft missing
1280,46 ! Raft missing
250,47 | X X X ;
250,48 | X X X
250..G9 ¢ X X x X X Triple collector
f opened, dig not shut
250,50 | pA X X :
250,51 X X X ! !
250.54 hS 2 X X
0.5 X X X X ;
250,57 iHot recovered
250.58 X X X |
Mack X Missing X t
Cscar X X X
Tok lNot recovered
(1) For froject 2.6a,

(b)

X inijcotes instrurent recovered.
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APP

ENDIL H

MARSHALL ISLAND OCEAN CURRENTS AS DETERMINED FROM
FREE FLOATING BUOYS '

TARLE H.1l1 - Ocean Current Data Obtained at IVY

146

' ]
i Launched _Recovered ' Set |2 f
Code | Time Position | Time { Position — (Derrees *me)l °5
s
Oct-ilov 1952
J 312245 | 10°37'N 021210 ‘ 10°43.5'N
164°45'E | 164°13'% 231 0,70
K 312048 | 11°01'N 030650 11°23.5'N 307 0.60
1640548 164025'E
L 311858 | 11926'N 031410 ° 11C/A'N 305 C.43
165°00'E ; 164936.3'3
B 1311652 | 11°52.5'N| 021930 . 12°10.3'N 293 0.51
164058,9'H . 164°20'2
N i311451 12019,2'N| 032200 ! 12°39.5'N 202 0.73
1 164°52,9'H 164°04L'E
e 311248 | 12042.0'| 040000 13C06'N 295 0.70
¥ | 164050'E 163°581E
! i
Q 310200 | 13925'N 041355 @ 13°932,3'N 250 0.77
i i | 164922'E 163%02.8%8 |
! ! ! i ;
. ‘ ,
I R | 310557 { 13°08!N 041740 | 13°13,3'H 274 0,78
| ‘ | 164°06'E 162°39'%
i | 5
I s | 310340 | 12°50'H 042040 | 12046 268 0.85
l 1639/9'E 162°10'E
A 1292030 , 12029'N 042150 12941 N 275 0,52
; 164°21'Z 162018,8'%
| - :
B 290830 | 12005'N 050520 | 12°09'N ! 272 0.97
\ 164°4L2'E 162028'E
1 |
| i
g !o01230 | 10950 060115 | 10%45.5'N 257 0.42
L ; 144°33'E 162°23,0'E
The abo'e buoys were standard Navy balsa wood DAR buoys equinved vith
sea anchor, 12-ft mast, end wire res sh corner radar reflector stop mast.




TABLE H,2 - Ocean Cur_rgnt Dat_a Obtained at_CAS'!‘LE

- —
S L2unched 1 Recovéred . Set Drift
Code | Tine Position | Time ‘{ Position | (degrees true )| (knots)
February 1954
A2 1410217 12°00'N l 161725 | 11°955'N 261 0.60
t 165023'E ‘ 164049'E
B2 131523 11%3'N | 141450 | 11°45.5'N 278 57
162°23'E l 162°09 .6'E
B3 131635 | 11951.3'N | 141532 11“39.1'N 261 0.64
162925.2'E 162°10.2'E o
Fobruary-larch 1954
g - el A e B
DL 20740 | 11959,5'N | 021258 | 11°55.5'N 258 0,40 |
164°44E | 164°26,5'E | e
>0l i 221705 | 11°26,5'% | 021104 | 11952'W 253 0,37 !
! 164°/9'E | 164933.5'E | !
1 ! .
DiiC ! 20154 | 11°43.5'% 021104 | 11°21.5'% 255 - 0,35
i 16/°55,7'E 164°40.5'E
ro | 281630 | 11955.2'H . 021625 | 11°50.5'N | 255 0.37
[ 164034,.2'S 16,016,3'% |
Barch 1954
‘ _ —_
cs 270018 | 11°25'N 271615 | 11°19'N 216 0.43
166°081E 166°03. % i
F5 . 262250 | 11°42W 271738 | 11°34'N 207 0.48
166°11'E 166°07'E !
|
ES 262146 | 11°57.5'N | 271900 | 11°50'N 215 0.43
166°11'E | 164°05'E
D5 | 262027 | 12°14'N | 272100 | 12003'N 232 0.39
‘ 166°°1.7'E 165°541E ‘
AS 261613 | 12035.3th 1281518 | 12920.5'W 255 1.18
165°21,2'8 164°26'E
I R SR R
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TARLE H,2 = Ocean Current Data Obtained g§_§§§?§§_ﬂ999§.1

)s

i
|
!

1

]
1
|
i

s s -1 - - - - -
! Launched . Recovered Set Drift
Code | Time 1 Position | Time Position l(degrees true) | (knots
t a4 | 261232 1 12019 281313 |12°32'N 201 0.77
. | 165°21,7'E 16,°48'E
| 14 | 261520 | 12015.3'N 281210 |12°27'N 293 0.65
i 165009E 164°41.5'E
. R4 261705 | 12°04.5'% 280845 |12°01'N 251 L 0,27
; 164°52'E | 164°41.3'E g
{ |
i ) l
' QL 261758 | 11°56.5'N | 281823 |11°52'N 248 . 0425
, 164°948.3'% ! 164°36,.6'E |
P, | 261850 | 11044'N 272045 |11°39'N 204, L 0.21
; | 164°43.5'E 164°41.6'E | i
i ‘ . |
; VA ! 261946 | 11°29,3'N !271930 11°26.6'N 238 0.19
~ ; | 164°46.5'E | 164043 'E A
E April 1954
Al | 021242 ‘ 11928.6'% | 031450 |11°34.5'N 290 0.67
‘ : | 162°L4'E 1162°26.6'E
Bl 021415 11°50.5'N 031325 11°43K 258 0.50
~ | 162937.5'E 116292678
D1 021732 11°34'N 031035 11°40' 336 0.37
162°0011'E 161°52,5'E
| D2 150700 . 12°18'N 170725 12031 201 0.71
; 166°19.5'E . 14594618
| E2 150500 ' 12°01'% | 171300 11°59'N 265 0.50
: 166°281= 1 166°00'E
i : | ‘
F1 151213 11937'N 171600 |11°24N 249 ' 0,82
: 166°05'E 1 165930'E
i i
F2 150300 11%42'N 171600 11°29'N 29 0.82
| 166%31'E 116595615

The above tuoys
with epproxirmately 12-in. freeboard,
anchor and a 10-ft mast, and had approximately 1 sq

aton the mast.

were constructed of a metsl can 30 in. in diemeter
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